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WHAT IS LIGHT? 


By Dr. ARTHUR H. COMPTON 
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It was only when Heisenberg introduced 


a new kind of mechanies, differing radi 


cally from the classical ideas ot Newton. 
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waves extend trom 
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short waves resulting from tiny sparks, 

which may be no more than a tenth of a 

length These 
] 


wave-leneth the longest 
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may 
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lap in 
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rad ated by hot 


‘ted and 
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measured by the same 


instruments. A familiar source such 


heat rays is the reflector 
heater, the kind that 


us in a chilly room 


t\ pe ot 
Warms one 
The greater part 
these heat ravs are intermediate in wave 
length the 


waves and visible light. 


between shortest electric 
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a cosmic ray has a length equal to the 
thickness of a post ecard The longest 
wireless wave would on this scale extend 
from here to the nearest fixed star 

When , physicist speaks of light, 
he refers to all the radiations ineluded 
in this vast range. We believe that they 
are all the same kind of thing, and that 
anything which may be said about the 
nature of the rays in one part of this 
region is equally true of the rest 

[It will perhaps be profitable to pause 
at this point and ask ourselves what 
tvpe of evidence we may hope to get 
regarding the nature of radiation. 
When men began to inquire regarding 
what sound is, it was possible for them 
to feel the vibrations of the sounding 


bodies in many cases, and sometimes 


even to feel the vibrations set up by the 


sound itself. The sound thus acts as if 
it were a wave motion. When later we 
found it possible to photograph the 
shadow cast by a sound wave, no one 
could reasonably question the existence 
of the waves. There seems to be no 
possibility of seeing or photographing a 
light wave or light corpusecle as we can 
a sound wave or a bullet in flight. If, 
however, light consists of waves, it 
should act as waves do: and if it consists 
of corpuscles if should act as do cor- 
puseles. This is probably as far as we 


Can LO. 


Light CoNsIsts oF WAVES 
There are many ways in which light 
acts like a wave in an elastic medium. 
Such elastic waves move with a speed 


MONTHLY 


729 
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may combine W 
the next opening, the second from Wan) 
next. and so on. forming a new throug! 
-front inclined at a definite angle passed, 
he first. The angle between these 
) Waves, as Vou see from this diagram 
determined by the distance between 
“cessive Waves—.¢., the wave-length 
dd by the distance between successive 
enings in the grid. The figure at the 
ght shows how the emergent wave may 
mbine with the second wave from thi 
qjacent opening, the fourth from the 
second opening, and so on, and form a 
vave-front propagated at a larger angle 
That such a variety of wave formation 
s not purely imaginary is shown in 
Fig. 4, which is a photograph of ripples 
the surface of mercury, taken after 
have passed through a comb-like 
Notice how one group of waves 
bines to form a wave-front going 
ight ahead But in addition, on 
er side of the central beam. we find 
» beams forming where the paths from 
eSSIVe openings 1n the erid differ by 
wave-length Out at a large angle 
See even the second order of the 


icted beam. 
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with a beam ot ‘io, 5 is 
shown a if so two hundred vertical 
lines e lines are photographed 
onto a lantern slide, they form a erid 


through which a beam 


mac to Dass Ihe 


shows a beam o ight as projected 
‘om a projection lantern. The middle 
part ol the figure shows the same beam 
of leht. but this time projected through 
such a lantern slide grid having about 
one hundred lines to the ineh e how 
the original spot of hght is split into 
three, a bright one in the center—the 
direct ray, and a diffracted ray on either 
side It is just as in the case of the 


mercury ripples passing through the 


If this is really a case of the diffrae 
tion of waves, as we have supposed, if 
a grating with lines closer together is 
used, the separation between the dif 
fracted images should be correspond 
ingly greater. The lower part of Fig. 6 
shows our beam of light projected this 
time through a grid photographed with 
about three hundred lines to the ineh 
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happen, 
voung 


SO Wwe 


Does this Ser 


Impossible ror 
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by the action of the X-rays, are the @ thing it is 
X-ray photoelectrons ether Pippre, 


The most remarkable property of these dives into the tara 


photoelectrons is the speed at which to Jerk an electror 


they move We have seen, as In io 10, ol metal with a spt 


that X rays are the waves produced the first electron 
when the cathode eleetrons bombard a It was consider: 


metal target inside the X-ray tube. Let 


which showed to 
us suppose that a cathode’ electron trying to account 


effect on the has ~ 


strikes the target at a speed of a hundred 
miles a second (they move tremendously however, that this 
fast The resulting X-ray, after pass DR 

ing through the walls of the X-ray tub 


and perhaps a block of wood, may eject 


a photoelectron from a_ metal plate 


placed on the far side The speed of 


this photoelectron is then found to be 
almost as great as that of the original 
cathode electron 

The surprising nature of this phe 
nomenon may be illustrated by an ex 
perience which I had in my early boy 
hood. During the summer vaeations my 
father would take our family to a lake 
in northern Michigan. My older brother, 
who is in the audience this evening, with 
several of the older boys, built a diving 
pier around the point a half a mile away 


from the camp, where the water was 
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an echo. When one whistles in 
front of a wall, the echo comes back with 
the same pitch as the 
This must be 


Waves, 


orig nal sound 
so, Tor 
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each wave of the 
nd is reflected from the wall. as many 
ves return strike, and the fre 
ency or pitch of 
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yuld similarly be 
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Is 
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Louis, using 

ig. ll. Rays 

X-ray tube were 
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sible To find the electrons wl 
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Before this theory of the 


tered X ravs was suggest 
coiling electrons had 

Within a few months after 
however, ©. T. R. Wilson 


photographing the trails 


ever 








trons in air recoil from th 
they seatter. Fig. 14 
tvpical photographs 

are going from left to right 
bottom vou notice the long 


two photoelectrons, which vou } 

















taken up the whole energy 

In between are a number 
trails, all with their tails tow 
X-ray tube. These are the 
which have been struek by 
of the X-ray photon corresponds, ac X-ray photons. Some have bee 


| 


cording to Planck’s original quantum = squarely, and are knocke 
theory, to a decrease in frequency of the ahead. Others have received 

scattered X-rays, just as the experiments” glancing blow, and have recoiled 
show In fact, the theory is so definite angle. Thus we have observed 1 


the defi 


that it is possible to caleulate just how the loss in energy 
vreat a change In frequency should photons, as shown by the lowel 
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X ray IS scattered 


‘tion, like a particle 


; } 


also all the rest of 

tromagnetic radiations 
that by these exper 
notion of light as mad 


is established 


& PARADOX ES 
We thus 


proot from our interference and diffrae 


tion experiments that light consists of 


waves The photoelectric and seattering 
experiments afford equally sat stactory 
evidence that light consists of particles. 
Hlow can these two apparently conflict 
ing concepts be reconciled? 

Electron waves Before attempting 
to answer this question, let me eall to 
your attenton the fact that this dilemma 
applies not only to radiation but also in 
other fundamental fields of physies 
When the evidence was growing strong 
that radiation, which we had always 
thought of as waves, had also the prop 
erties of particles, L. de Broglie. of 
Paris, asked himself, may it not then be 
possible that electrons, which we know 
as particles, may have the properties of 
waves? An extension of Planek and 
Einstein’s quantum theory enabled him 
to caleulate what the wave-length corre 
sponding to a moving electron should be 
In photographs like Figure 9 we have oe 
ular evidence that electrons are very real 
particles indeed. Nevertheless, de Brog 
lie’s absurd suggestion was promptly 
subjected to experimental test by Davis 
son and Germer at New York, and later 
by Thomson at Aberdeen and others 

Let me describe Thomson’s experi 
ments, which are typical of them all. 
You will reeall that our crucial evidence 
for the wave character of light was the 
fact that light could be diffracted by a 
grating of lines ruled on glass. X-rays 
were diffracted in the same way; but 
before this had been shown possible, it 
was found that X-rays could be dif- 











fracted by the 

In a crystal 

the place ot 

Fig. 16 shows how 

heen done by Dr 

X ravs pass through 

phragms and a mass of 

tals placed at C 

graphic plate at P 

the lavers of atoms 

at such points as P,, P 

to a series of rings abo 

a mass of powdered alumi 

placed at C, Hull obtains the 

shown in Fig. 17 (upper \ 
ntral image, and around 

tion rings. It was this ervst 

that first gave convincing 

X rays, like livht. CONSIST O! 


{ 


G. P. Thomson has perforn 
cisely similar experiment wit] 
The X-ray beam in the las 
replaced by a beam of cat! 
and gold leaf took the 
aluminum. The resulting 


shown in Fig. 17 (lowe) 
+] 


not quite as sharp as 
taken with the X-rays, we ea! 


tinctly the central image. 
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THE DIFFRACTION PATTERN 
ODUCEI ED EAM oF X 


rings of diffracted electrons 

slide demonstrated the wave character ot 
X-rays, does not this slide prove equally 
definitely the wave character of elee 


trons? 


Most of you are aware of the faet that 


J.J. Thomson, the famous old Cavendish 
rofessor of physies at Cambridge, was 
largely responsible for proving that 
thode rays are electrified particles. 
About a year ago my wife and I were 
ving Sir Joseph and Lady Thomson 
Sunday afternoon call, and found 
r son, G. P. Thomson, home from 
rdeen for a week-end. He had with 
this photograph, Fig. 7 lower 
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thi photon This Wave \ be tak a tions are to be 
the ordinary electromagnetic wave he sideration. of 
corresponding le 1g ec corresponding Wi 


as received no venera ‘ accepted Ssatistactoryvy mode 
name ther than the Greek letters V W Attention shoulk 
Perhaps we mav ¢: it, however, by the that the electromacnet 
| . i 


name of its Inventor, a de Broglie wave de Broglie waves are a 


Consider, for example, the deflection theory waves of probabilit 


photon by an electron on t a as an example the di 
is, the scattering of an X ray The a beam of licht or 
incident photon is represented by ; from a ruled 
ot plane electromagneti¢g Waves The pI otograph rc 
recoiling electron is likewise represente tion of the diffract 
by a train of plane de Broglie way high probability 
propagated in » direction of photographic plate 
These electron aves form a= kin if corpuscular laneuag 
rrating b) 1c] le incident 
magnetic waves are diffracted 
diffracted waves represent in turn 
deflected photon. They are increased it 
wave-length by the diffraction because ft a particle 


the grating is receding, resulting in ; plate is unaffected 
Doppler effect probability that a pl oton W 
In this solution of the problem Wwe Where the *‘intensity’’ 
note that before we could determine the netic Wave 1S grea 
direction in which the X ray was t be bilits where this 
deflected. If Was necessary to know the It isa corollary that 
direction of recoil of the electron In radiation lie 
this respect the solution is indetermi the waves. For we m 
nate: but its indeterminateness corre ability to do work, and 
sponds to an indeterminateness in the radiation does anyt!] 
experiment itself. There is no way of 
performing the experiment so as to make 
the electron recoil in a definite direction 
as a result of an encounter with a pho 
ton. It is a beauty of the theory that 
it is determinate only where the experi instant 
ment itself is determinate, and leaves When 
arbitrary those parameters which the graphic plate, or 
experiment 1s incapable of defining may be observed 
[t is not usually possible to describe ¢hamber. we ean 
the motion of either a beam of light or was at that point 
a beam of electrons without introducing event But in between 
both the concepts of particles and waves. particle ean not be 
There are certain localized regions in some positions are n 
which at a certain moment energy exists, others, in proportion 
and this may be taken as a definition of ing wave is mor 
what we mean by a particle. But in tions. But there is 


predicting where these localized posi that ean be assigned 
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THE SIBUTU ISLANDS 


By Professor ALBERT W. HERRE 


miles southwest trom 


Sulu Archipelago, and 


TWENTY-ON] 
the rest of the 
therefore 
tension of the Philippines, lies the small 
Sibutu 
ethnologically, it belongs to Borneo. 

The Sibutu 


lowing inhabited 


forming the southernmost ex- 


group Geographically and 


group includes the fol- 


islands: Sibutu. Tum 


indao, Sitankai, Omapui, Sipankot and 
number 


Bulubulu. It also comprises a 


uninhabited islands and many 


of small 
reefs and shoals exposed at low tide. At 
the north is the mediterranean 


known as the Sulu Sea, and on the south 


deep 


Connect 
Pas 
sage, separating these islands from the 
rest of the Philippines. 

This 


about 


is the still deeper Celebes Sea. 
ing these two is the broad Sibutu 


has a depth of from 


fathoms, 


passage 


100 to 685 and is re 


markable for the current, 


feared 


powerful 
and notorious. In the 
this 


During the season of 


locally 
Samal 
as the ‘‘ House.’’ 
monsoon the House flows 


language current is known 
the southwest 
continuously from the Sulu Sea into the 
Sea of Celebes, with a velocity of five 
to ten nautical miles an hour. For two 
or three months, when the current is at 
its maximum, it is unsafe or even impos- 
native 


When 


boats are 


sible for small launches or the 
sailing craft to cross the House. 
caught in this current, small 
often carried southward and landed on 
the coast of North Dutch 
Borneo. 

Running through the Sibutu 
are several deep channels of varying 
widths, the widest perhaps two miles in 
breadth, none of them over 150 fathoms 
in depth. <A _ current the 
House flows through each of them, but 


in none of them does it attain a notable 


( ‘elebes or in 


group 


similar to 


or dangerous velocity. 


During the period 
currents ar 


} 


and LOV" 


monsoon the 
these passages, 
trom the Sea of Celebes inte 
The 
attain high 


four 


Sea. north-bound current 


velocity, averaging 


knots an hour, and they 


distinctive name It gives on 


sensation to observe these eurrs 


ine onward continuously, ney 
ing, never hurrying, unchange: 
ebb and flow of the tides. aay 
and week after week, as thoug 
river were moving on ste: 
Due to the influ 


these currents the fish fauna oft 


rreat 


majestically. 


Archipelago iS essentially identic 
that of Celebes and the Moluee 
The Sibutu group is composes 
flat islands, which with but one exe 
do not rise much above high tid 
islands, due to their uniformity of 
ture and topography, offer little 
plant life, but 


marine biologist they are of intens 


of animal and 
terest, while the people dwelling 
or about them are very little kno 
would repay careful study. The 
group has long been known as a 
importance 


ground of the first 


Philippines and offers an excelle 
portunity for the development o 
mereial fisheries along modern lin 
The Sibutu. 
length of halt 


and an average breadth of about tw 


largest island is 


eighteen and one 
a fourth miles. On the eastern co 
Sibutu, eight or 
northern tip, is a hill five hundr 


more miles south 
high. It is locally known as the ** 
tain,’’ 
a great 


and forms a landmark visi! 


distance at sea, and is 


portant recognition mark for navig 
This hill is apparently of voleani 
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nd great blocks of granite are plenti av beneat 


I lly strewn over 1ts slopes » northern end ot 


All the rest of the island is merely its western shor 
Vast coral reet in many place Ss, If not where the villag 


ndeed most, but little changed since it the shore line 
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tsi, Sapa oe. 
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A SAMAL VILLAGE 


four to eight feet above high-tide level 
The base of this elevated portion is, of 
course, usually more or less undercut by 
wave action, so that in many places this 
difficult to 


mount by one approaching from the sea 


slight elevation is very sur- 
Elsewhere the shore line is a more or less 
gently sloping sandy beach ot moderate 
width 

A mile or 
Sibutu the land 
fifteen 
general level of the island. 


so north of the village of 
of the beach is 
feet the 
This elevated 
inte 


back 
raised or twenty above 
portion extends back toward the 
rior for a half mile or so and runs north- 
ward several miles. It was evidently the 
first portion of the reef to be raised out 
of the 
of the island. 

Surrounding the of 
dead and living coral which is more or 
less bare at low tide but is everywhere 
This 


reef varies from a few dozen yards to 


ea and is therefore the oldest part 


is a reef 


island 


completely submerged at high tide. 


nearly a mile in breadth and rises every- 
where from deep water except at the 


Here the reef 
slight 


southern tip of Sibutu. 


southward extension of 


forms a 


MONTHLY 


SULU ARCHIPELAGO 


depth until it emerges again as S 


island, the southernmost extren 


the Philippines 


On the southeast coa ot Sibut 


tS SOUTH eI 


reef forms a lagoon; at 


lagoon is narrow and o1 


ver) 


enough for baneas, lipas and 


bottomed native cratlt 


widens northward, till 
Tandu Banak it 


breadth. Opposite Tandu Bana 


outer shore 


he 


launches and 


IS an Opening 1n tT 
the 
keel-built 
of 
southward 
On the 


lavoon where 


boats drawing five or s 
find entrance and 
the 


othe l 


water can 


lagoon tor Se 


} 
side ot Tie 


in 
miles. 
beginning near the southern end 


village of Sibutu, the reef wider 


and forms a sort of very shallow 


mostly bare at low tide, which 
maximum breadth of half a mile 
that the 


formed by 


island of S 


three 


very evident 


has been 
elevations of the coral reef, the p 
last raised being partly above and 


below the level of low tide. 


SLCC 








THE SIBUTU ISLANDS 


butu is everywhere covered with a story. One 
or less dense growth of shrubbery most of it 
forest trees, except at the site ol was first elevated fro 
sent or past villages. Owing to the sea The surtaece 
aratively xerophytie conditions, even and has mort 

e are few ereepers O1 lianas OL ans in its holes and depressions 
1OUS 


‘an one find a contin 


Tie 


so that it is not difficult to penetrate 
Few of the after leaving 


; 
Tite Shore 


jungle in most places 
ees are of even medium size, though dred vards or so bel 
moderately large worth Scattered ove 


Nearly al or embedded 


fossil mollusk 


there are some 
ess Trees ot the FYenUS Fic Us. 


the trees of any size were cut during thi 
past twenty years to make railroad ties are all of the 
for use in Luzon and the V isavas. a short distance 
Any one landing at a village on the COPspicuous © 
island and going no farther in than the shells of the 
clams 


About a m 


Sibutu, and 1 


houses along the shore might well believe 
Sibutu to have deep fertile soil, ready 


for the plow when cleared. A trip across 
hundred vards eral m 


the island, or even a few les, 
back into the jungle, tells a very different 


DAaACK 


which is ot 




















FISHERMEN, TAWI TAWI, SUI ARCHIPELAGO 


~ A oO 


A GROUP OF SAMAL 
ESE MEN WILL SAIL 150 To 175 MILES ACROSS THE OPED 
COMPASS AND BRING UP Al Vi 


THEIR DESTINATION ri ABS 
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SAMAL FISHERMEN 


1] 
| l 


It is truly remarkable for the incredible holes are all possibli SIZ 
number of large, more or less circular, mous pits twenty feet 
holes contained in this part of the old five feet in diameter, their sides 
eoral reef, Holes, just plain holes! vertical stone walls impossibl 
There they are by the tens of thousands, A man in the bottom of one of 
of all sizes and depths, so closely set eylindrical well-like holes woul 
together that the ancient reef is riddled absolutely helpless. In the dayti 
like a sieve. must pick and choose his 
Holes! One sees nothing else! Un great care, while trav 1 


believable numbers of holes, the ancient tirely out of the question as 


; 


fossil reef so thiekly spattered with sible to go ten fee In any 
them that for miles hardly a square’ without landing in a_ hol 
yard of entire surface can be found. places the trail is not over 


Some are just the right size and de pth with a yawning hole on eithe 
to take in a man’s foot and leg up to while the path winds like a w 
the knee, and woe be to the person who seryp nt. A slick into anv one ol 


should slip into one while walking rap- innumerable pits would mean 


idly, for it would he only Too eas\ TO able death. especially 1] one 


injure his knee joint irreparably. Other wedged head first in a hole just 





very @i 
bled. This 
spookiness, 
iS necessary 
aceident 
\bout half a mile northwest 
intain, not southwest as Indiea 
maps, Is a permanent pool OL Wat 
wn locally as the ** Lake.’ It 


sa chasm in the ancient reef ana 


aps forty iftv feet wide T] 


ace of the a is about twentv-fi 


below the level of the surroundit 


and at on place t is possibl 


eseend almost to the level of the wat 
ch is about 
two sides of the 
are cavernous, and the water ex 
nds back into the cave thus formed 


rly as far as the breadth of the ope: 


ol. It reminds one of the water holes 
Yueatan, though of course it is ver 
ow compared to them \t one end 
Ficus adds to the pieturesqueness 
the pool by its vast and i 
ranching intertangles mass ¢ 


imbering over the sides an 


the water 











SAMAL VINTAS OR SAILING BOATS IN TH 
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A SAMAL VINTA AT JOLO 


O DECORA i \ = OF 


for Mohammedan. There neve} was are tarmers by 
tribe or Moro political lead Ss 


the Arehipelago. 


such a thing as a Moro 


1 
+ 


language. 
The best known of the peopl oO! the grea Siave ma 
I 


Sulu, and the most important politi- outfitting pirates 
cally, are the people of Jolo and the denee of the Sult: 
adjacent islands, who eall themselves early gained soci: 
current over thos 


They 


Their language is also Tao Sug 


Tao Sug, or people ot the 











A SAMAL VILLAGE OUT IN THE LAGOON 
BY BROAD REEFS, SUCH A LOCATION WAS IDFAL ID 


PIRACY WAS THE OCCUPATION OF ALL TAWI TAWI. 








THE SIBUTU ISLANDS 
‘rom Siasi southward Sibutu among the Sibutu is 
sage live the Samals, speaking the are always visiting 


ial tongue. They are also around’ forth on both side 
eoast of Basilan and in Mindanao on boundary line. The 
coasts of Zamboanga and Davao not such fisherm 
vinces. They dwell in greatest num Samals 

on the small islands clustered about Kach 

wi Tawi and are the boldest and eatches 


diest fishermen and sailors of all th Little or 


yple of the Philippines. Until driven surplus, sine¢ 
aa he sold. Ihe a 


boats they were noted for their very restrict 


t 
} 


m the seas by the advent of stea 


ratieal exploits, avaging the Kast vegetables 




















A SAMAL CEMETERY AT SIMUNOI 


Indies from the north coast of Luzon to fruit grow 
Singapore and Malacea. past must 
The people of the Sibutu group are — stricted, sine 


ordinarily but incorrectly classed with known to then 


th Samals. They resent this, however, and fit, vei 
and eall themselves Sibutus; their Introduced 
speech is close to Samal. but it a dis Spanis! 

tinet tongue. The Sibutus are identical The I 
with the people who inhabit the coast ot people are a 
Borneo around Darvel Bay and _ north fore do not ea 


; 


ward toward Sandakan. Their lan that are so plentil 
age, customs and traditions are the have grown a few coconuts 


= id 
+ 


same, and families are divided, part liv- immemorial, in order to 
g on the Bornean coast and part’ with cooking fa During 
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A LIPA FROM SIBUTU 


THE SAIL IS SHIFTED TO ANY ANGLI 


years, under the guidance of Governo1 


Carl M. Moore, coconut planting has 
been systematically undertaken upon a 
comparatively scale. It will be 
but a matter of a few more years till all 
the be in bearing 
groves the 
will all be relatively rich. 

In every village a few chickens, goats 
and half-starved runty cattle are to be 


seen, but they are never of importance 


large 


available land will 


of eoconuts, and islanders 


and are rarely eaten. 

The village of Sibutu is composed of 
a straggling line of houses extending 
along the water front for more than a 
mile. Owing to the that 
sweep over the reef during storms the 
houses are built, with few exceptions, 


twenty to fifty feet back of the water 


great waves 


ACCORDING 


TO THE DIRECTION OF 


line, Like the Samals, the 
build over the water wherever it is 


sible. 


Nib 


the ordinary Christian Filipino ty 


the 


a tv] 


built. Instead 


hewn 


are 
ot 
common 


dwelling 
boards, 
the 


are nade 


house among Samals 


Each house is occupied by a numl 


the smallest and poorest 
has three 
children, the 
have several dozen inhabitants. 

Around behind the 


groves of tall old coconut palms, 


people ; 


two or couples with 


while larger houses 


and 


without anys) 


them 
Among the trees behind the house 


huddled but 


forming continuous 


planted 


nevert 


into groups, 


an almost 


row, are the village graves. 


Few nipa and bamboo houses 


W 
\ 


r¢ 


Me! 


e} 


house S 


S 


Wh 


YY 
OS 








THE SIBUTI 
son dies the body is laid in a ecoftir 
h is placed in a very shallow grave 
ind the vTave rocks or slabs ot stone 


hick boards ot very hard wood ar 


ed and the space within them filled never very 
| ; 


white beach sand, which may be prolong 

ed up till it is several feet deep. brackis] 

enelosing wooden or stone slabs are 

n intricately carved in flowing 

besques or have inscriptions written several of th 

Arabie characters. Over each grave drinking wate? 

placed a more or less elaborately s caught 
earved and decorated graveston 1 The Sibut 
wooden column or board. This grav i i Malay 
marker is really a conventionalized ’ found 


lie symbol and indicates the sex ot to Celebes a 


buried person. ceongiomerate 














GOVERNOR CARL MOORE, DATU JAPAAL, AND VILLAG ELDER 


\l 


EATED ON THE GRAVE OF MAKDUM aT TANDU BANAK, 8S 
MOHAMMEDAN MISSIONARY TO REACH 
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BAJAUS 


NOTE THE CAUCAS 


A GROUP OF 


white, brown, vel 
their 
Filipino people, ther 

Datu Japaal, 
the Sibutus, 
but 


prosperous 


women ot eve ry race, 


low and black, in harems. As 
among all the 
an admixture of Chinese. 
the 


resembles in 


hereditary ruler of 


every thing eolor a 
plump, heavy-set, Chinese 
merehant or official. On 


that his 


inquiry | 


learned maternal grandfather 
was a Chinese merehant on the coast ot 
Borneo, who had married the daughter 
of the datu. 


born in Borneo 


loeal Japaal himself was 


while his mother was 
visiting her relatives there. 

Polygamy is not rare, but as a rule 
most men can not afford to support two 
wives. Slavery was always mild and is 
now almost extinct. 

According to local tradition, the first 
missionaries to reach the 
Philippines landed on Sibutu. They are 
always spoken of as Arabs, but it is 
more probable that they were half-breed 
Arab traders from Johore. The legend 
that there brothers, 
and that the oldest one, named Makdum, 
remained upon Sibutu, preaching and 


proselyting, and that he died there. At 


Mohammedan 


states were seven 


AT SITANKAT, SIBUTU 


ES OF SOME OF 


the barrio of 


Tandu Banak, alread 


tioned, there is a grave covere 
large heap of white sand 4 
men of the village that this 


Makdum It is evident 


very 
insist 
grave of 
erave of a man, for buried far di 
the sand we found a broken mal 
emblem 
doubt that it is just what the 


say, the place where Makdum was b 


stone 


Personally, I | 


five hundred years ago. 

In the southern part of the vi 
Sibutu, just above high-tide mark, 
old stone cotta or fort. evidently I 
very long time ago and now inar 


condition. On one corner next 

is a gigantic banyan tree, the on 
and the 

With its many trunks 


sprawl 


on the island largest 
Philippines. 
roots 


innumerable aerial 


over the old coral walls of the 


was evidently planted generations 
The people believe that the Kuk 
spirit of the banyan tree, lures 
children. 

Formerly the Sibutus paid great 
to witch doctors, but nowadays the) 
have nothing to do with them. A 











THE SIBUTU ISLANDS 


there was a great epidemic of and Mohammedat 


fter th 


ra and Mahilan, an old woman with closely at 
yutation as a jinn or witeh doctor. lo Christians 
ended to be able to exorcise the dis At 
With some of her followers she 
to the mosque and held prayers 
n her deluded disciples carried her 
t the village so that she could re 
her incantations and charms at the 
ses of all the afflicted. While en 
ged in this awe-inspiring and laudable 


} 


she herself was taken sick and died 


" 
hefore SHhe could complete the 

r of the village his eured the peo 

of their faith 1 jinn doctors eoneeal 


in a Village like Sibutu flows on and sig 


enly without rush or Worry and at m embowerr i] 


nstrates that much of our alleged prog 
ress and complex ¢ivilization is either 
nnecessary or else leads nowhere 
re are no factories or stores, hotels 
or restaurants, streets or roads, newspa 
rs or movies, telephones or radio, 
police or clergy, bridge parties or coun panion who ¢; 


elubs. awvers oO} prost TuUTeS OYTr AT prosaic world 


of the other concomitants of modern CITN canopy ot 
fe, some of which are necessary to any wel-like 

considerable group of people, but others 

are certainly not. There is no booze 


problem, for the Koran forbids alcoholics 

















r 
A BAJAU HOUSE AT SITANKAT, SIBUTU ISLANDS 
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4 BAJAU VILLAGE OF HOUSE-BOATS 


rus DAO, SinuTu ISLANDS. 


resources and there 


and voluptuous cooing of huge flower Inner 


like fruit pigeons would lull their senses, to be alone with himselt 


such 


while they fed on the honey-dew of extended stay in 


kisses and love among such choice spirits 


As a matter of fact these dreamers, few who e¢ 


an overlock th 
deprived of ice and a rich varied diet, monotonous diet 


and insufficient 
eut off from bridge and teas, could not 


supply, and who ean suceessf 


stand existence on one of those lone coral intestinal infections and parasites 


isles. Only the naturalist or one rich in’ but these can really enjoy 








SITANKAT, SIBUTU ISLANDS 


SOUTHERNMOST TOWN OF THE PHILIPP!> 





THE SIBI 


idded 


fale 
( 
ers known as Bajaus by the Samals 
called Sitankai in Sibutu lan 
or Thev are widely known as sea 
sies and ar { nomads otf (ne sea 
Bajaus are jj “«) iparatively ta 
Indonesian pavan PeCopie rhe 
found only along the coasts ol 
ie Sibutu Islands, 
now and then as 
Tawi Tawi group 
vi land but are born, 
and die on the sea, mal 
rude houseboats I’ 
elusters or groups” which 
termed villages, hidden in 
sheltered nook and protected trom 
ms and add 
uuseboats, the jal iIpas 
as which they 1 fishing 


ng about whil 


affairs. Th aja ‘lusively 


fishing and ar v skilful when on 
siders the ‘Truce methods and apn 


ces at their command 

Mongol strains in the Malay rae 
to be | | } ] he Bajaus, 
the Indonesian element seems to be 
ger than in any other inhabitants 


Philippines Many Ol them are 


pean in appearance except in color, 
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ALBRECHT VON GRAEFE 





ALBRECHT VON GRAEFE 
THE FOUNDER OF MODERN OPHTHALMOLOGY (1828 


By Dr. THEODORE KOPPANYI 


greatest the great 
and benefactors of suffering 
was Albrecht von Graefe, a 
whom his native country ¢a) 
be proud. But science is 
and his work is a blessing 
na. Nowhere should t] one 
anniversary) 
ticed 
Albrecht von ael was 
shed son of a distinguished 
\ Ferdinand von Graet 
S40) was protessor ot surgery 
versity of Berlin and eminently sue 
ul in the practic ol genera 
almie surgery His name 
ably associated with the reviva 
stie surgery, especially 


an operation for forming 


} 
‘ ; 


the skin of the forehead 


er suddenly at Hanover, wh 


1 ’ 
Hween Catic¢ | To operate ol} 


‘ born May 22 
received at home a good 
father’s death did 
Is education, and 
r the guidance of his high-spirited 
er he spent a happy childhood in 
beautiful home in the Berlin 
ergarten.’”’ Maturing early, he 
lated at the age of fifteen from the 
eh gymnasium in Berlin 
Believers in the heredity of intellee 
faculties could point to the von 
es as one of the numerous examples 
e illustrious fathers did not have 
cre or obseur¢ children. And 
gonists of the theory SO ably eriti and 


by Professor Jennings) that the studied wit 
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Upon his return to Berlin, von Graefe some of his epocl 
founded an eve clinic, a model institu The eve-mirror, 
hy 


tion at that time His alma mate instrument invented 
offered him an associate professorship In CIST, He Imholt 


1856 and he had to wait ten years before — rior of the eye 
he was made full protesso! and director It is based on 
of an independent university institute <« light ref 
for ophthalmology In the meanwhil thrown into 
supported by his old teacher and friend and upon the 
Arlt and the Hollander Donders, he reflection Ol 
started a periodical in ophthalmology, through 
the leading German publ observe! 
branch image of tl 
iefe was ; lal lelicat ined. Von ¢ 
suffered much and | th the import 
rculosis of the lungs ‘ort diagnosis 
was unusually happy } von Grael 
: ife and the self-sacrifice I hands, the 
oved ‘‘little bride,’’ the Countess instrument 
ia Knuth, greatly inereased his work- abnormal cha 
apacity. But when his wife dev branes and 
oped pneumonia and became an invalid nerves. It enabled 
for the rest of her life and two of their sion to study these 
children died, his own condition rapidly their early appearat 


grew worse, and only four years after early and _ ration 


his appointment as full professor he was It was found subseque: 


cut off prematurely by death August diseases ol the eve, but iInvolven 


| | 


20, 1870, at Berlin). He continued to the nervous system and _ oth 


work until almost the day ol his death also produce chal ves 1 


He had to use morphine to enable him and the eye-mirror w 


to leeture and To operate. On the night othe r fic lds In 
of August 19 his condition became criti field, too, von Graefte mad 


‘ 


cal; he felt that the end was approach mental discovery He observ 

Ing. Ile wanted to see the daybreak of the early symptoms 

Like Goethe, he wanted ‘* Licht, meh tracranial pressure Was a ¢ 

Licht.’’ On the next morning he fell characteristic appearance oO 

asleep in his armehair and did not eup. This is very important 

waken. recognition of the existence 
Von Graefe was a man of strong lib tumor. The eyve-mirror 

eral and democratic tendencies and a_ dispensable in 

humanitarian in the truest sense of the ease, and 

word. Wherever he went people flocked 

to him, and even during his summer’ ophthalmology, 

vacations he was always ready to help than one sense, thrown 

the sick, bi he rich o1 poor. that were forme) \ complete 
‘he contributions of Albrecht von If the  erystallin lens 

Graete to ophthalmology are so numel Opaque, seeing images IS ho 

ous and some of them so technical that sible. Several surgeons 

we can hardly do more than mention removing the opaque | 





ALBRECHT VON GRAEFE 


and restored vision. But the hazards of 
this operation were great, and very often 
eyes were lost, due to the suppuration of 
the transparent outer coat of the eye, 
the cornea. Von Graefe thought that 
this suppuration was due to the great 
gaping of the incision, and that the lips 
of the wound were not properly applied 
to one another. He developed a new and 
better technique, which made the re- 
moval of the lens a safe 

About the same time Lister 
famous discovery of germs as the cause 


operation. 
made his 


of post-operative suppurations and in- 


fections. Von Graefe Lister per- 
sonally, was deeply impressed by the 
British discovery and adapted the anti- 
septie procedure to operations on the 
eye. Thus he taught his colleagues how 
to be doubly sure to avoid infection fol- 
lowing the removal of the lens and in 
other eye operations. He also advanced 
operative technique by inventing a 
number of surgical instruments, espe- 
cially his famous linear knife, which are 
as widely used to-day as shortly after 
von Graefe’s introducing them. 

Von Graefe introduced silver nitrate 
for the treatment of suppurative con- 
junctivitis, a treatment eminently effec- 
tive to this day. His interesting study 
of the physiology of the eye muscles led 
him to introduce various surgical meth- 
ods for correction of squint. 

Von Graefe’s sign, an important diag- 
nostic symptom, is generally used in 
physieal examination of individuals in 
whom exophthalmie goiter is suspected. 


Saw 


of the individual 


upper 


This sign consists 
inability to lower the 
told to look at the floor 

These contributions 
sure von Graet¢ 


hd wi 
alone would 

's claim to immortality 
and yet his fame chiefly rests on anothe1 
epoch-making discovery. This concer 
the discovery of the nature 


a terrible eye affliction called glaucor 


and eur 


This disease, which manifests its¢ 
disturbances of 
pains, 
blindness, and even then the 
of the patient did not end, for h 
still tortured by Von Gra 


made a most profound study of the d 


vision accompani 


severe resulted inevitably 


tribulat 
pain. 
and came to the conelusion that 

the symptoms of the glaucoma were du 
to one single fact, the increase of t] 
pressure within the eyeball. 


ease 


He thought 
that the remedy must consist of a lower 
ing of the pressure. That he 
by removing a piece of the iris 
result the 
Graefe’s assumption. 


achieved 
The 
proved correctness of von 
Thousands 
people, all over the world, are now saved 
every year from blindness through vor 
Graefe’s iridectom) 

Von 
fundamental 
one of the chief factors which made his 
great 
ophthalmology perhaps thx 
of the medical disciplines. 

Von Graefe died 
his prime, but his work was finished. 
He had fought well against the Powers 
of Darkness. 


Graefe’s early training in th 


exact sciences was surely 


discoveries possible. It made 


exact 


most 


voung, scarcely at 





GOOD HOUSING FOR FAMILIES OF 
MODEST MEANS 


By Dr. JAMES FORD 


HARVARD 


PROGRESS is 
generation is provided with conditions 
of living superior to those enjoyed by 
preceding generations. Our chief obli- 
gation as citizens is to see to it that our 
children may have a better start in life 
than we had. 

Man is deeply influenced by his envi- 
ronment. The best of human stock may 
be injured and its development thwarted 
by adverse conditions. A farm crop 
depends not merely upon well-selected 
seed, but also upon proper conditions of 
cultivation, soil, climate and weather. 


impossible unless each 


Similarly human personality and char- 
acter are the result of the play of envi- 
ronment upon native individuality. 


Our immediate problem is to find out 
how good housing can be brought within 
the reach of families of modest means, 
which constitute the majority of our 
population. It should be recognized 
that most families will be compelled to 
live in old houses. If the average life of 
a house is from one third to one half of 
a century, most persons can not live in 
new dwellings. So our first question is 
to ask how old houses can be made 
better. 

The obvious answer is that there 
should be good building laws, health 
laws and housing laws, wisely framed by 
citizens who have practical knowledge of 
the subject of housing and who though 
cognizant of practical difficulties have 
standards that are high and sound. 
Such laws must be enforced by wise and 
practical citizens whose standards are 
also high. As no law is self-enforcing, it 
is necessary to have in each city a body 
of local citizens to make a continuous 


UNIVERSITY 

survey of housing needs and standa: 
and to lend public officials their m 
support and assistance. Philadelph 
New York City, Brooklyn, Pittsburg 
and Cincinnati have such organizations 
but in most other cities there is no su 
medium of community service. Star 
ards of housing legislation and eni 
ment are therefore relatively low. 

The next essential is to have agencies 
for the education of tenants and 
lords which can help the latter to s 
that the ownership of rentable propert 
is a form of trusteeship in the servic 
the community and can help tenants t 
recognize their responsibilities and privi 
leges as parents and homemakers and 
neighbors and citizens. In this fie] 
again, Philadelphia is peculiarly fort 
nate in having the Octavia Hill Asso 
tion, which has done outstanding w 
through its ownership of old remodel 
properties and through its rent-coll 
ing agency. This service to both hom 
owners and tenants should, however, | 
universally available, since no citize: 
whether owner or tenant, can, without 
help, keep fully informed of the most 
economical and most effective ways 
making improvements in his own pro} 
erty. In rural regions admirable ser\ 
is being performed through the ext 
sion departments of state colleges. 

The organization of local volunteer 
Better Homes in America committees is 
a valuable supplement to these other 
forms of service, because such commit 
tees are made up of leading local citizens 
representing the various civic agencies 
of the community. A great deal 0! 
advice and help on local problems 1s 
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GOOD HOUSING 


available through the civic organizations 
which are represented on the local com- 
and virtually the whole popula- 


i++ 


mittee, 


tion is reached through the lectures, 
discussions, contests and demonstrations 
which are arranged. 
programs to meet the most urgent of 


By adapting their 


local needs as they find them, and by 
varying their programs from year to 
year as new problems appear or old ones 
are solved, they contribute greatly to the 
leveling up of prevailing standards. 

By demonstrating to the community 
the best examples of effective recondi- 
tioning or remodeling of old premises 
they prove that notable improvements 
can be accomplished at a cost that is 
relatively low. They can also stimulate 
the local public to make improvements 
on their premises through home im- 
provement contests, kitchen contests, 
living-room contests, home garden con- 
tests or neighborhood improvement con- 
tests. Contests have appeal both to 
man’s competitive instincts and to home 
and community pride. Hence notable 
progress in the bettering of local stand- 
ards for families of modest means may 
be made in any given year. 

Families that are relatively poor have 
ordinarily been condemned to live in the 
cast-off houses of the families next above 
them in the economic scale. But as all 
our cities are growing through births 
and immigration and through migration 
from less populous districts, new houses 
have to be built each year to accommo- 
date this increase, as well as to replace 
dwellings eliminated by obsolescence and 
by the extension of business and indus- 
trial areas. The housing shortage 
caused by the war has been largely met 
in most American cities so far as homes 
for the well-to-do are concerned, for the 
obvious reason that larger profits for 
speculative building are possible through 
catering to these classes first. 

The question may properly be raised : 
would it not be possible to provide good 


new housing within the reach of wage 
earning families? The division of 
building and housing of the Department 
under ordi 
nary conditions a wage-earning family 


of Commerce estimates that 


ean afford to spend for its home a sum 
equal to from two to two and one half 
times its annual income. Thus, a family 
whose members regularly earn $2,000 a 
year could afford a house which, with its 
lot, would cost from $4,000 to $5,000 
and a tamily earning $1,500 a year 
could afford a house which, with its 
would cost from $3,000 to $4,250. 

Can unskilled 
In the south this question is 


wage-earners also be 
reached ? 
already answered in the affirmative, 

labor and construction costs are low and 
cellars and central heating equipment do 
not have to be provided. The answer is 
more difficult in the north because of 
higher land, 
costs, and also because the family that is 


labor and construction 
willing to live in a three-room flat would 
scorn to live in a three-room house. Yet 
I am confident that within the coming 
generation we shall be able to solve this 
problem, too. There are several points 
of attack, and some research by specia 

ists will be necessary before an entire! 

satisfactory solution of universal ap 
plicability will be found. 

The first essential is to discover the 
most economical house plans that are 
consistent with good architectural de 
sign, and to make these plans accessible 
to operative builders and to individual 
home builders. A square house is ordi- 
narily the most economical as to mate 
rial, the cheapest to heat and the easiest 
to furnish; but most plans for square 
houses are hideous from the point of 
view of design, and our unfortunate 
practices in the subdivision of urban 
land practically preclude this type of 
house except in the remote outskirts of 
our cities. The Architects’ Small House 
Service Bureau, established by the 
American Institute of Architects, pro- 
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vides plans at low cost for persons who 
would not ordinarily have access to the 
services of good architects, and is per- 
forming excellent service in this field. 
It is, however, confining its activities to 
the detached single-family house. In 
general, our best architects have not 
been interested in solving the problem of 
single-family housing, semi-detached 
housing or row or group housing for the 
wage-earning population. There is an 
immense field for public service here. 
The problem probably can not be met 
except through endowment funds, for 
experimentation is costly and seldom 
lucrative. 

The next essential is judicious experi- 
mentation in standardization. A tailor- 
made suit costs about twice as much as 
a ready-made suit. Similarly when 
‘‘eustom’’ made, their unit 
Herbert Hoover, with 


houses are 
costs are high. 


characteristic vision, has, through the 
division of simplified practice of the 


Department of Commerce, succeeded in 
making standardized units for building 
materials and equipment generally ac- 
eessible to the American public at rela- 
tively low unit costs. 

It is necessary to make standard house 
plans of economical, efficient and con- 
venient type, universally accessible. 
With such plans there should be a wide 
variety of exterior designs, each artistic 
in character, so that a whole community 
may be built with the use of not more 
than a half dozen standard floor plans 
but with varied exteriors. Thus monot- 
ony would be avoided and the economic 
advantages would be possible which 
come from buying standard materials by 
the carload and from using teams of 
laborers who are familiar with the plan 
and who can, therefore, build with a 
minimum loss of time between opera- 
tions. When whole communities can be 
built from satisfactory standard plans 
and standardized materials, the unit cost 
will be at a minimum for services of 
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architect, contractor, engineer, la! 
legal advice, financing, land and utili. 
ties. Hence if good new housing 
already within the reach of skilled la} 

it is a safe presumption that by thes 
means good new housing can be broug)) 
within the reach of unskilled wag 
arners as well. 

There are several other 
which can be applied to reduce the cost 
of housing. Some of these are imn: 
ately applicable, and others would t 
a generation or more to get establish 
An example of the latter toward w! 
we should definitely move is indust 
decentralization. If factories can 
moved out from the hearts of our 
to remote suburbs or the open country 
it will be possible to plan and build 
whole villages of wage-earners’ ho 
applying the best principles of archit: 
ture, city planning and landscape gai 
dening to the project. This program 
much more possible of accomplishment 
now than it was two decades ago, duc 
the tremendous development of super. 
power and of power transmission, and 
should be seriously considered by 
far-sighted groups in the field of to 
planning and housing. For with 
necessary power available and with land 
purchasable at its agricultural value a: 
with the relatively low tax rates of ru 
districts and the possibilities of sp 
track connections with railroads, 
decentralization of industry becomes a 
practical possibility. Residential decen- 
tralization should accompany it. Oi 
course, such a program would involve : 
better development of labor exchanges 
and adequate opportunities for recrea- 
tion in the new garden cities. But ther 
is sufficient knowledge now at hand 
meet all of these needs and to provid 
cultural opportunities and wholeson 
indoor and outdoor recreation as well : 
private, secluded, beautiful homes for 
industrial workers. We should be con- 
tent with nothing but the best. The best 
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is now practically within reach, and by 
far-seeing social service the amenities of 
life can be afforded to the industrial 
worker and his family. 

Other devices for reducing housing 
eosts include measures for city planning 
and zoning, for cheap and easy money 
for house building and home acquisition 
and for cooperative ownership. English 
experiments with copartnership housing 
have demonstrated the possibility of pro- 
viding harmoniously developed commu- 
nities through garden suburbs for wage- 
earners, and have shown that cooperative 
wnership is better than private owner- 
ship for industrial workers in certain 
types of communities, as it gives them 
freedom of movement and makes the dis- 
posal of their properties relatively easy 
in ease they wish to move elsewhere. At 
the same time there are no losses from 
arrears in rent in cooperative colonies 
because the shares of stock can be seized 
to meet any such delinquencies. There 
are no losses from vacancies because each 
shareholder in the cooperative group 
will wish to bring his friends to the col- 
ony, and in the case of a vacancy, they 
are all, therefore, in a sense renting 
agents. Moreover, upkeep costs are at a 
minimum because each tenant has every 
incentive to keep his own place in re- 
pair. Copartnership housing can not be 
experimented with profitably, however, 
at this time and will need much more 
study to adapt it to American condi- 
tions, 

Town planning can reduce housing 
costs for residential quarters first by 
making all of the outskirts of the city 
accessible through direct radial or arte- 
rial traffie routes. If suburban land is 
accessible in all directions from the city, 
there will be more owners ready to sell, 
and the cost of land per lot will be cor- 
respondingly low. 
land of any given type that makes land 
costs relatively high. Broad arterial 
streets connecting sub- 


eenters and 
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For it is searcity of 





centers also facilitate rapid and cheap 
transit and thus make it possible for 
‘*downtown’’ workers to live in private 
residences within a half hour’s ride of 
It should be th 
free-born 


their place of work. 
inalienable right of 
American to live in a home of his own 
within easy access to his place of work, 
and no man should be condemned to be 
a straphanger for more than one hour 
per day. The decentralization of indus 
try should, ultimately 
possible for every industrial worker a 
home within walking distance of his 
place of work. 

Town planning can also facilitate im 
proved housing through judicious sub 
division of blocks and lots in residential 
areas. In general, in our American 
cities lots are too narrow and too deep. 
Winding streets in protected residential 
areas may be narrow and relatively inex- 


every 


however, mak 


pensive, ornamented at slight cost with 
grass strips and trees, and in this way 
provide attractive vistas for every home. 

Zoning in cities makes possible the 
industrial and business 


areas, 


separation of 
areas from 
thus protect homes from the dust, noise, 


residential and can 


fire-risk and chemical fumes of the fae- 
tories. The trucking to and from 
factories can be kept off residential 


streets, thus reducing accident dangers. 
Zoning also prevents the beauty of resi- 
dential streets from being marred by the 
ugly outline of the factories. 

Through zoning it is now possible also 
to keep apartment houses out of single- 
family-house neighborhoods, thus reduc- 
ing the volume of traffic on residential 


streets and preventing huge multiple 
dwellings from overshadowing their 
neighbors. Neighborhood shops can be 


localized at strategie sub-centers accessi- 
ble to the residential neighborhood, and 
thus nothing need mar the charm of the 
homes of our citizens of modest means. 

Cheap money for home building and 
home acquisition is necessary if home 
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ownership is to be rendered universally 


possible. Of the importance of home 
ownership for most families there can be 
little question, because it gives all mem- 
bers of the household a common interest 
of a vital sort, an opportunity for com- 
mon sacrifice for a worthy end, an 
opportunity for common self-expression 
and family pride, and, most important 
of all, a stake in the community and 
recognition of the duties and the privi- 
leges of citizenship. 

The most important agency for coping 
with this problem is the building and 
loan association. But some such asso- 
ciations have tended to favor the inves- 
tor against the borrower by charging 
relatively high rates of interest for 
money borrowed for home acquisition or 
home construction. If borrowers could 
secure first mortgages at 6 per cent. 
interest, as they do in the cooperative 
banks in Massachusetts, and second 
mortgages at 7 or 8 per cent. without 
the payment of premiums, home owner- 
ship would be encouraged. 

Other countries provide government 
eredit for house building, subject to 
plan supervision by the government, but 
we have probably rightly assumed in 
America that that should be looked 
upon as a last resort and that our prob- 
lem should and can be met through 
private agencies. There are some evi- 
dences that second mortgage loan com- 
panies can be established in this country 
to lend money on residential property 
at interest rates as low as 7 per cent. 
Study of these ventures might lead to a 
considerable extension of this practice 
wherever it may prove practicable. 
Easier terms of amortization of loans 
may prove necessary for wage-earners, 
particularly for those who are unskilled. 
A lengthening of the period of amortiza- 
tion from fifteen to twenty years might 
bring home ownership within the reach 
of unskilled workers much more gen- 
erally than is now the case, and still 
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might be consistent with conservatiy, s1 
and safe mortgage investment on { p 
part of the lenders. a 

Labor costs in small house constru 0 
tion, as has already been pointed out 0 


can be reduced by standardizati 

which would reduce the loss of tim: - 
volved in waiting for materials or s 
structions. Large scale construction als b 
makes possible continuous work 

gangs of carpenters, plasterers, plum! 


ers, and others, who can move 
house to house on a_ predetermi 
route. It is likely that during the next 


generation experiments in house con 
struction will lead to the common us¢ 
new processes of fitting together houses 

from mill-made parts in each of sever ; 
different materials, and thus make poss | 
ble the use in large part of unskilled 
labor in house construction. A mor 
general use of winter construction, 
suggested by the U. S. Department 
Commerce, will have the advantage 
keeping the building trades act 
throughout the year and of making 
possible to build houses with relativ: 
little use of overtime labor and thus 
with slight expenditure at overtim 
rates. 

Carrying costs for home owners, onc 
they have moved into their new homes 
“an be reduced through building homes 
of sound construction. The jerry-bu 
house may be cheap to acquire, but is 
costly to earry, as it is continuous!) 
getting out of repair. Easy interest and 
amortization rates have already been 
mentioned, and the low carrying costs 
cooperative ownership have been dis 
eussed. One remaining possibility is t! 
reduction of taxation on improvements 
or even the removal of taxes on homes 
I am not prepared to advocate the lat- 
ter, in spite of New York’s experienc 
with it, but it would be worth while 1 
study this subject carefully. It would 
also be well to study the experienc fj 
Pittsburgh and other cities in progres 7 
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sive reduction of taxation upon im- 
provements to see if it does not indicate 
an important social policy for the pro- 
motion of home building and home 
ownership. 

Where houses are well built and of 


good design and where community 
standards of city planning and neigh- 
borhood upkeep are high, there will be 
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an actual appreciation of land values, 
which in turn will increase the borrow 
ing capacity of owners and afford them 
an opportunity for a substantial profit 
when they dispose of their homes and 
move to new quarters. Community values 
and community reputation are, of course, 
enhanced by good architecture, good 
construction and community planning 


PICK-AXE SCIENTISTS 


By Dr. WALTER EARL SPAHR 


DEPARTMENT OF ECONOMICS, NEW YORK UNIVERSITY 


In a recent address before the Whar- 
ton School Alumni Society Mr. John 
Hays Hammond took occasion to com- 
ment very pointedly upon the great, if 
not startling, advances made in recent 
years in the fields of the pure sciences, 
such as physics, chemistry, astronomy 
and mineralogy, in contrast to the 
lagging scientific developments in the 
so-called social science fields. Referring 
particularly to mining, he pointed out 
that fifty years ago the prospector did 
his prospecting with his ever-present 
pick. To-day the most advanced and 
refined resources of modern science are 
utilized; the certainties of scientific 
methods are substituted for the chance 
results of the man with his pick; the 
trained geologist and even the radio 
serve to reduce chance to a minimum. 
The social scientists, however, have 
hardly advanced beyond the pick-axe 
stage; their methods doubtless are little 
advanced beyond the methods employed 
by the exact scientists in medieval times, 
and by implication, Mr. Hammond 
dubbed the-latter ‘‘pick-axe scientists.’’ 
With his observations it is reasonably 
certain that competent scientists of both 
fields agree. 

In the fields of exact science, both 
pure and applied, the modern develop- 


ments are a source of daily wonder. 
Starting from small beginnings charac 
terized by endless experiments in what 
to-day are simple fundamentals, thes 
scientists have worked slowly and pain- 
fully throughout the ages. An out- 
standing discovery in a century would 
serve as a stepping-stone and guide for 
the next scientist who, with the impetus 
of this start, could work more rapidly 
and more effectively than his predeces- 
sors. Each discovery, suggestive in its 
implications, would beget others. The 
effect was cumulative until a mere gen- 
eration would witness an epoch-making 
discovery, then a decade, then a single 
year, and now they come so rapidly that 
we are left bewildered. We no longer 
attempt to keep abreast of the develop 
ments; rather we merely trust the scien- 
tist to provide us with anything that 
faney might suggest 

The world’s confidence in these secien- 
tists is evidenced by the huge industrial 
laboratories established by our leading 
and foresighted industrialists, by the 
fact that they sponsor and finance lav- 
ishly not alone the applied but the pure 
scientist, by the fact that they employ 
the best scientists and let them work 
without restrictions, by the fact that 


leading philanthropists do not hesitate 








to endow chairs, establish laboratories 
and build science buildings whenever 
needed and almost without question. 
Business men, philanthropists and gov- 
ernments show no hesitation in further- 
ing the cause of the exact sciences; they 
know the results will more than justify 
the outlay; they know that the greatest 
contributions to modern progress have 
come from these sources. These 
are no longer questioned by those com- 
petent to appraise the situation. 

With respect to the contributions 
which the social scientists have made to 
human progress it is agreed by those 
well aware of the true status of affairs 
that their contributions pale into insig- 
nificance when compared with the con- 
tributions of the exact scientists. It is 
doubtful if the social sciences are little 
more than medieval in dealing with 
political, economic and social problems. 

The principles of scientifie method as 
applied in the exact sciences are very 
simple, although the technique of apply- 
ing them has long since grown so com- 
plex that it is comprehensible only to the 
highly trained mind. Simple as these 
fundamental principles are, the social 
scientists can hardly be said to approach 
within even a respectable distance of 
them. 

One of the most elementary and cardi- 
nal principles of the exact scientist is to 
gather his evidence through direct ob- 
servations made while conducting ex- 
periments. The evidence upon which 
the social scientist relies is almost alto- 
gether indirect; there is very little, 
relatively, which he observes directly, 
since his problems are so widely diffused 
through both time and space that he 
must gather up as many observations of 
others as possible and from such uncer- 
tain evidence draw what generalizations 
he may. From experimentation, as 
conducted in a laboratory, he is practi- 
cally excluded. No exact scientist, for 
a moment, would accept as reliable evi- 


facts 
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dence the very best evidence available to 
the social scientist. 
The exact scientist 
observations of experiments be recorded 
by the observer at once in an exact, 
precise method, which indicates in detail 
how the experiments and observations 
were made and the conclusions deduc 
Few indeed are the social scientists w 


insists that th 


record their observations at once. Ih 
stead they rely upon memory, which is 
fickle, selective and unreliable, and 
which at the best is based upon thei: 
own individual and single observation 
and which of course can not yield sei 

tific conclusions. Yet the social scientist 
usually makes it a point to advertis 
conclusions based upon his direct obser 
often not realizing that 

direct 


vations, 
requires 
several persons working independentl 
to yield scientific Asid 
from his few direct observations most ¢ 


many observations 


conclusions. 


his evidence is composed of the observ: 
tions of others, and such evidence n 
exact scientist could accept and still ca 
himself a scientist. 

The exact scientist will not claim that 
he can draw scientific conclusions so long 
as competent fellow scientists disagre 
as to the facts involved, while the social 
scientist is not at all deterred by what 
often appear to him to be the pedant 
standards set up as the requisites 
scientific truth. He relies upon a few 
indirect sourees and occasionally upon a 
single bit of indirect evidence, failing to 
observe that at the best his evidence is 
but a presumption more or less strong 
not an established fact. 

The exact scientist has as tools exact 
formulae meaning the same thing to al! 
The social scientist has tew 


scientists. 
such formulae in his possession and as a 
result can not present his conclusions in 
such brief, concise form, and always 
flirts with inaccuracy and approxima- 
tion, and is certain to be misunderstood 
in some respects. 
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A science to fulfil its functions must 
enable the scientist not only to classify, 
analyze and generalize his data but also 
to forecast. We are quite accustomed to 
the exact forecasts of the astronomers 
and of the other exact scientists and 
recognize quite well that the one thing 
that the social scientists can not do is 
forecast. <A science is at its best when it 
enables human beings to forecast events 
and in this respect the social sciences 
have failed dismally. Indeed these very 
shortcomings have caused some thought- 
ful persons to insist that the social sci- 
ences are really not sciences at all. It 
is also interesting to note the paradoxical 
fact that could the social scientists really 
learn to predict, the predictions would 
defeat themselves in those cases in which 
the masses would wish to take advantage 
of the foreeasts. Once the populace 
learned to rely upon a social prediction, 
social foresight would discount the pre- 
diction at once and nullify the predic- 
tion. This is the reason why there never 
ean be a genuine barometer of business 
conditions; as soon as the masses come 
to believe that such a barometer has been 
devised it will be defeated at once by the 
immediate discount of the prediction. 
It appears, as a result, that forecasting 
of price levels, ete., is an eternal problem 
and always doomed to failure in some 
degree. 

The social sciences, it must be ob- 
served, are not characterized by truly 
scientific methods in the most exact 
sense. Rather the common methods are 
more or less irrational ones. We settle 
issues by votes, by out-shouting one 
another, by political strategy, or, if need 
be, by foree. In no place is the irra- 
tionality of our methods of settling im- 
portant social questions more obvious 
than in the settling of international dis- 
putes through foree of arms. The hu- 
man brain could not conceive of a more 
irrational thing than war and yet we 
have developed a series of pseudo- 
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rationalizations to justify it. In the 
simplest terms it is but a retention of 
the most barbaric and elemental weapon 
of the crudest savage. And yet it Is ont 
of the chief methods still used by mod 
ern society in settling disputes. 

In brief the exact sciences and th 
mechanical forces which surround us 
have developed So rapidly and so far 
beyond the social sciences that we ari 
confronted with the very pertinent ques 
tion as to whether we have not created 
a mechanism which may crush us. It 
has been said by that keen observer, Mr 
Edward Slosson, that ‘‘Man is mounted 
upon a horse bigger than he ean rid 

Science has endowed men with the 
power of supermen but his mind remains 
human. ... He is like a pauper with 
a fortune, a laborer made a boss, a pri 
vate promoted to command a regiment, a 
slave made master of slaves. ... ”’ 

Despite the object lesson observable 
in the astonishing developments of the 


exact sciences ‘‘we still use.’’ to quot 
Mr. Hammond, ‘‘a pop-gun method in 
the study of economic problems.’’ Our 


methods are very unscientific, often very 
irrational, and as a result, poorly sup 
ported. If there is to be any solution 
at all it must come through more and 
better research in social sciences. Social 
sciences must receive better support; 
leading social scientists must be en 
dowed. Governments, business men and 
philanthropists must aid, else the mar 
velous superstructure built up by the 
exact scientists may come crashing down 
due to the flimsy social mechanism un- 
derlying. The late war raised the ques 
tion in many people’s minds. F'ar- 
seeing people continually dally with the 
phenomenon ; philosophers as well as 
scientists warn us and yet relatively 
little is done. 
are fighting a defensive battle; the 


Thus far social scientists 


masses as yet, and certainly the business 
men, care little what social scientists do 
or say, so long as the technicians con- 
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tinue to advance their material welfare 
as they have been doing. 

It would seem that all rational persons 
with an enlightened self-interest must 
be concerned with the welfare of the 
scientists in the social science fields; they 
must aid them, endow them and en- 
courage rational and scientific methods 
in the conduct of social affairs whenever 
and wherever possible. If rationality 
means anything at all this appears to be 
the proper means for securing sound 
advancement in human welfare. Such 
support, it is to be feared, will come 
slowly; the general public attitude is 
against it; the uncertain and intangible 
do not have the appeal that the more cer- 
tain and the more tangible developments 
do. And under the most favorable con- 
ditions and with support even more 
liberal than that given to the exact scien- 
tists, real results must come very slowly 
and haltingly. 

A realization of these apparent facts 
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must convince us that those who work in 
social science fields are working unde: 
terrific handicaps when compared with 
their brothers in the exact sciences. Thi 
possibilities for genuine achievement 
and true distinction are almost infinitely 
less. Workers in these fields can onl; 
express a hope rather than a _ well- 
founded belief that they may be among 
those scientifically minded persons wh 
may accomplish something of real valu 
in this world. They are in fact litt 

more than pop-gun or pick-axe scien 
tists. But the fault is not their own. 
They are handicapped not only by th 
methodology they must employ but by 
lack of sympathetic understanding o1 
the part of others and by lack of ad 
quate financial support. The limits of 
their methodology can not be changed 
appreciably, but a better comprehensio1 
of the fundamental nature of their work 
ean be cultivated and a far more liberal 
financial support must be given. 


NOTES ON A MODEL LANGUAGE 


By Dr. MAX TALMEY 


NEW YORK, N. Y. 


I. QUALIFICATION FOR THE Con- 
STRUCTION OF THE MODEL 
LANGUAGE 


A LANGUAGE expressive to the great- 
est possible extent and free from the 
faults inherent in all natural languages 
would be beneficial to persons of differ- 
ent mother tongues who, by education 
and training, are able to communicate to 
one another ideas of real value. Such a 
language serving the need and advan- 
tage of the substantially educated people 
of the various nations may be designated 
as the Model Language (ML) to distin- 
guish it from the International Lan- 
guage (IL) by which is usually under- 
stood a language common to the masses 





of all nations, excellence being subordi- 
nate. Elsewhere? the writer has pointed 
out that an IL in this commonly ac- 
cepted sense is not needed at all. The 
present essay is not concerned with such 
an IL, but deals with the ML as defined 
above. 

The ML ean only be a constructed 
system. The answer to the question, 
who is best qualified for the task of con- 
structing it, follows from the considera- 
tion of the views of an eminent scientist 
regarding language in general. In 
‘*Weltsprache und Wissensch.’’ Wilhelm 

1In modern times Universal Language (UL 
has become synonymous with IL, but originally 


UL meant the same as ML. 
2** Arulo,’’ p. 43. 
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NOTES ON 





Ostwald advances the following state- 


ments: 

(1) Every language represents a group 
of signs coordinated with a group of 
conceptions in such a way that every 
particular conception has its particular 
sign. 

(2) The system of conceptions is the 
only thing that matters; for with them 
one may coordinate arbitrary signs, and 
the value of the resulting language re- 
mains the same irrespective of the signs 
selected. The accidental character of 
the various systems of signs and their 
historical change are not worthy of 
painstaking study. The signs are far 
less important than the conceptions, and 
sink into insignificance by the side of 
them. Yet philology has occupied 
itself exclusively with the signs. This is 
a profound scientific mistake. 

(3) The interpretation of language 
as a system of arbitrary signs coordi- 
nated with the conceptions has as yet 
not been fully appreciated by profes- 
sional philologists. For this reason 
vague and mystical notions, as those of 
the ‘‘profound sense of language,’’ of 
language as an ‘‘organic being,’’ are 
very prevalent, especially among philolo- 
gists. 

(4) We regard language ‘‘histori- 
eally,’’ we look upon it as something 
miraculous, a venerable inheritance from 
our ancestors to be cautiously preserved 
and not to be attacked or transformed 
of our own authority. To improve a 
living language is considered so mon- 
strous an idea that it has never been 
seriously discussed. Especially philolo- 
gists oppose impassionedly such ideas, 
being intent upon conserving the inheri- 
tance in as unchanged a state as possible. 
But language is merely a_ technical 
means of the conveyance of thought, and 
the notion of its being supernatural, un- 
touchable, is entirely erroneous. 

The preceding statements are contro- 
vertible in some respect. But one can 
hardly dissent from Ostwald’s view that 
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of the two factors constituting language 
the conceptions are essential and the 
signs comparatively unimportant; yet 
‘‘philology has oceupied itself princi 
pally with the signs.’’ Further, one 
must admit his statement that the pre- 
vailing notion of language as something 
miraculous, untouchable, is fostered in a 
great measure, if not chiefly, by profes- 
sional philologists. It follows that tra- 
dition and training unfit them for being 
the architects of the ML.* For here the 
signs are selected ‘‘of our own author- 
ity’’ in conformity with logical reason- 
ing and their ‘‘historical change’’ does 
not come into consideration. The treat 
ment of the conceptions and the rational 
selection of the signs evidently appertain 
to the domain of logic. Hence logicians 
are best qualified for the construction of 
the ML, and systems proposed to play its 
role are to be estimated by the standards 
of logic. The writer, a lifelong student 
of the problem of the ML, finished som« 
time ago the manuscript of a book on 
the scope and essence of the ML, treat- 
ing all its aspects and offering sugges- 
tions for its construction. The work is 
entitled ‘‘Logos’’ and is intended to be 
submitted to the judgment of logicians. 
Its lettmotif is the concern for a system 
of ‘‘signs,’’ or language, conforming to 
reason and free from the bonds of con- 
ventionality. It is this idea that the 
above title intimates; for ‘‘logos’’ 
the ‘‘rational word.’’ It must form the 
basic element of the ML in order to lead 
endeavors in its behalf to lasting success. 


means 


II. Sources oF THE VOCABULARY 
OF THE Mopet LANGUAGE 

The ML must be so easy that an edu 
eated person can fluently read and un- 

8 This inference is not refuted by a recently 
published language the sole author of which is 
a professional philologist. It is claimed to be 
an improvement on the Language of the Dele 
gation (LD) which is chiefly the work of the 
excellent logician Dr. L. Couturat. But it can 
be shown that in spite of substantial defects 
the LD is, on the whole, far better than the 
new language. 
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derstand any text after one short lesson 
or two and with the occasional help of a 
ML-national dictionary. Because of 
this requirement the words must be a 
posteriori, 7.¢e., taken from the natural 
languages, either international (itn., 
common to several principal languages) 
or national (ntn., belonging to one natu- 
ral language), but not a priori, 1.e., 
newly invented. A posteriori words are 


far easier than a priori ones. The itn. 
words are easier than the ntn. ones, 
hence the former exclude the latter. 


Only when an itn. word does not exist 
for a certain conception, is this one to 
be rendered by a ntn. word. The num- 
ber of itn. words is far too small for an 
efficient language, and lack of words for 
conceptions expressible with one word in 
the natural languages causes difficulties. 
Hence recourse must be taken to ntn. 
words. 

The most important reason for ex- 
eluding a priori words is that they 
would open the door to the whims of 
language inventors. But if the ML is 
restricted to a posteriori words, its whole 
vocabulary is independent of the fancy 
of authors. The itn. words are evidently 
given, but it is not so readily apparent 
that also the ntn. ones are determined, 
can not be selected by an author from 
any language that pleases him best. 
Certain words can only be taken from a 
certain language, as a few illustrations 
will elucidate. We are looking for ex- 
pressions of the following conceptions or 
definitions : 

(1) A matter of taste or a pursuit 
engaging unduly the attention and in- 
terest. 

(2) 
ing something without 
experience. 

(3) Damage done dishonestly by a 
laborer to the work entrusted to him. 

The only words available for these 
definitions are: (1) fad, English; (2) 
Lehrgeld, German ; (3) sabotage, French. 


Detriment suffered by undertak- 
the necessary 
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It follows that the three needed expres 


sions are determined, can not be any 
other ones but fad, Lehrgeld, sabotag 
Yet these words are national. Previous 
publications of the writer furnish nu 
merous other illustrations. 

Sometimes one of several languages 
possesses for a certain conception a word 
which is the best because it is fair! 
univocal in that language while th 
words of the other languages are too am 
biguous in these, or because it is th: 
shortest or most euphonious one. F 
instance, we want a word for this defi 
nition: to draw a line through a passag 
in order to invalidate it. The Engli 
expression to strike out is too long; th 
German word ausstreichen is ambiguous 
in German and non-euphonious; but t! 
French word raturer is precise ii 
French and well-sounding. Hence thi 
French word has to be selected. 

Sometimes a word has to be 
from one language rather than from an 
other one because the word of the latt 
conflicts with a word selected befor 
Even an itn. word has to give room 
a ntn. word to avoid such a conflict. 

The case that for a certain definitix 
each one of several languages offers 
word adequate in every respect is ex 
tremely rare. Unity of the ML will n 
be appreciably affected by leaving her 
the selection of the needed word to t! 
taste of authors. 

The ntn. words, are therefor 
determined, like the itn. ones. The ol 
jection that a language composed of 
words of various sources would be a 
miztum compositum unfit for 
refuted by the most powerful and most 
expressive language, English, which con 
tains Germanic, Latin, Greek, Frenc! 
and other root words. 

Latin offers a rich source of words, 
which, as a rule, are also itn. But not 
all Latin words are itn. Systems using 
exclusively Latin words, such as Latino 
sine flexione, and other devices, are 
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fraught with difficulties. Because of the 
requirement of facility the words must 


be as itn. as possible. The degree of 
internationality of a word is measured 
with sufficient accuracy by the number 
of languages having that word in com- 
mon. Another measure is_ proposed, 
namely the number of people in the 
whole world understanding that word. 
This number is unascertainable; the 
figures computed are fanciful. 

When there are no itn. words, re- 
course is to be taken, in the first place, 
to the languages of the great nations, 
in the second place, to Latin and Greek, 
and, in the third place, to the languages 
of the small nations. The number of 
educated people acquainted more or less 
with Latin and Greek is larger than the 
number of nationals of a small nation.* 


Ill. EXTENT OF THE VOCABULARY OF 
THE Mopet LANGUAGE 

How many words are needed in the 
ML? The following considerations fur- 
nish the answer to this question. The 
main factors making for difficulty of 
the natural languages are unequal, or 
lack of, expressiveness and excessive 
multivocalness of the words. Very often 
one language has a word for a concep- 
tion, and another language can express 
it only with a troublesome periphrasis. 
Consider, e.g., the following conceptions. 

A. 1. To look at a thing briefly, hur- 
riedly; 2. To deter by a bold or confi- 
dent manner; 3. To entrust a thing to 
the post office for delivery. 

B. 1. To make one feel as if he were 
at his own home; 2. To declare a person 
incapable of managing his affairs; 3. Re- 
joicing at the misfortune of others. 

C. 1. Self-confidence in dealing with 
others; 2. One who unlawfully takes the 
place of a wife; 3. Trickery having the 
show of honesty. 

The definitions of A can be expressed 
with one word only in English: to 
*See ‘‘Logical Shape of the AIL,’’ p. 3. 
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glance, to bluff, to maid; those of B or ly 
in German: 
schadenfroh ; those of C only in French 
An English- 
man is at a loss how to express six of 


anhevmeln, entmiindigen, 
aplomb, maitresse, chicane. 


the nine conceptions. The same holds 
true of a German and Frenchman. 

R. C. Trench® cites ‘‘ words, which one 
people possess, but to which others have 
nothing to correspond so that they have 
no choice but to borrow these, or else 
Many such 


to go without altogether.’’ 
words are treated in ‘‘ Lexikologio,’’ ete 

A language possessing a word for a 
conception inexpressible with one word 
in another one is essentially richer in 
this particular instance. General essen 
tial richness of a language is repre- 
sented by the number of conceptions 
expressible with one word. English is 
probably the essentially richest lan 
guage. Synonyms do not make a lan 
guage essentially rich, but merely more 
pleasing through variety of expression 
misunderstanding, 
hence they need not be 
Synonymity in moderate 


They never cause 
excluded. 
degree is 
recommendable; it helps to obviate 
tedious repetition. But it should not 
be exaggerated since it is non-essential 
Multivoeal 


ness, however, often due to essential 


for expressing conceptions. 


poverty, must be avoided; it engenders 
difficulty. 

Essential richness does away with the 
two main factors of difficulty of the 
languages. An extensive vocabulary 
does not necessarily tax the memory 
No English student needs 
to remember all the words contained in 
the Standard Dictionary. It is a great 
fallacy that a language is so much 


too much. 


easier, the fewer root words it possesses. 

Just the opposite is true. When the 

language of a writer has no equivalent 

for a word of another language, he has 

to apply the means of derivation, com- 
5 “*Study of Words,’’ p. 119-121. 


6 Filologiala Temi; Raporto 28; Supplemento. 
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position, or periphrasis to express the 
corresponding conception. This is often 
an arduous task. A literary person 
needs a rich treasure of words laid down 
in dictionaries. If only a writer can 
find there the required words, his task 
is much easier than when he has to 
forge them. The ML must be adequate 
to translate all principal languages. It 
will remain inadequate so long as it 
lacks equivalents for their words. It is 
impossible to enhance the richness of a 
natural language, but there is no limit 
to the enrichment of a constructed lan- 
guage. 

The answer to our question is now 
apparent. Besides a fair amount of 
synonyms sO many words are needed in 
the ML that one is available for every 
conception expressible with a single 
word in any principal language. The 
ML would thus become the essentially 
richest language and thereby the easiest 
one. This aim may remain an unattain- 
able ideal. Many ntn. words being unfit 
for the ML, sufficient a posteriori words 
are unobtainable. But for a great many 
conceptions adequate words can cer- 
tainly be procured. They would bring 
us always nearer that aim. The natural 
languages, foremost among them En- 
glish, show the way of approaching it 
more and more. English had no words 
for the conceptions ‘‘ assurance resulting 
from _ self-confidence,’’ ‘‘establishment 
for the diversion and instruction of 
little children,’’ ete., and supplied these 
wants by appropriating the French and 
German words aplomb and Kinder- 
garten. The ML ean apply this pro- 
cedure generally and systematically ; it 
can adopt any suitable ntn. word. The 
task of enriching the word treasure in 
this manner requires many years’ labor 
of many cooperating linguists who are 
competent, liberal-minded and familiar 
with the comparative expressiveness of 
the natural languages. 





IV. Comparative EFFICIENCY OF TH) 
LANGUAGES, AND TRANSLATION 

Foreign words, such as Weltschmerz. 
Zeitgeist, are used in English for want 
of equivalents of equal impressiveness 
To express clearly the idea of the first 
word in French one needs a lengthy 
phrase: sentiment mélancolique caus: 
par les déceptions de la réalité. Such 
observations engender the surmise that 
some languages are more efficient than 
others. This can not be proved directly 
There are, however, two criteria for est 
mating the comparative general effi 
ciency of the languages. 

One is the adaptedness of a languag: 
for the study of other languages. In 
telligence, zeal, opportunity, ete., being 
equal, foreign languages are acquired bet 
ter by some nationals than by members 
of another nation. This fact has but on 
explanation: the mother tongue of the 
former is a better means for studying 
languages than that of the latter. Th 
instrument for learning a foreign lan 
guage is one’s mother tongue, and with 
a finer instrument better work is accom 
plished. This criterion can not be veri 
fied experimentally by reason of the 
above factors. Zeal, opportunity, etc., 
are unascertainable ; intelligence, unmea- 
surable. The intelligence tests so fash- 
ionable in our day may be sufficient to 
establish imbecility, but are worthless 
for comparing normal intelligences, and 
even more so for contrasting intellects 
surpassing the average. 

The second criterion is fitness for 
translation. The more faithfully on 
can translate with a certain language, 
the more efficient it is. The faithful- 
ness of a translation is determined by 
the approximation of the retfanslation 
to the original. This criterion is veri- 
fiable by an experiment. Before describ- 


ing it we must show the requirements of 


good translation. 
A good translation must, in the first 
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place, convey fully and exclusively the 
ideas of the original and, in the second 
place, preserve its linguistic character- 
istics and beauties. The second require- 
ment can only be fulfilled by translating 
literally, by imitating, as far as possible, 
even the idioms. These may be divided 
into (1) pure idioms and (2) slightly 
idiomatie phrases. Literal translation 
is inapplicable to the former. They 
have to be rendered in some logical 
manner or through exactly correspond- 
ing idioms of the translating language. 
The latter mode of translating pure 
dioms is the better, more genial one. 
Far more frequent than these are the 
slightly idiomatic phrases, and they are 
well intelligible in literal translation. 
Rendering them logically deprives the 
translation of the beauties of the orig- 
inal. The languages obtain their charms 
by their peculiarities, by their slight 
deviations from strict logic. Too much 
of it is annoying. Faithful imitation of 


the original is therefore to be applied 


when it causes no misunderstanding. 
The limit to which one may go is set 
by the intelligibility of the translation 
and by the norms of fairly good style of 
the translating language. Literal trans- 
lation offers a double advantage: it is 
far easier than the logical one and re- 
veals to the student far better than the 
latter the true character of the language 
translated. 

The preceding considerations lead to 
the following principle of translation: 
In translating model prose one must fol- 
low the original most faithfully, word 
for word, going even as far as to observe 


the same order of the words, provided 
only that the translation is well intelli 
gible and the norms of fairly good style 
of the translating language are not in 
fringed.’ 

Compliance with this principle is pat 
ticularly important regarding the ML. 
For one of its objects is to reveal the 
character of a language to all educated 
people speaking different mother tongues. 
Pure idioms must be rendered in some 
logical manner since the ML possesses no 
corresponding idioms. In all other re- 
spects literal translation is to be applied 
Its advantages mentioned before ar 
here even more pronounced.* 

Our experiment can now be appr 
ciated properly. An author competent 
in languages A, B and C translates an 
original of A into B and C in conformity) 
with our principle. The two transla 
tions are retranslated into A, the B 
translation by a second author and th 
C-translation by a third one, both un 
acquainted with the original. Language 
B is more efficient than language C it 
the translation from B deviates from thx 
original less than the retranslation from 
C does. The experiment is less reliabl 
when both retranslations are made by 
one and the same author.® 

In greater adaptedness for translation 
may lie one of the reasons why some 
natural languages possess a literature of 
translation surpassing quantitatively 
and qualitatively the literature of trans 
lation of other languages. 

7 Exhaustive Text Book, p. 17. 


8 Lektolibro, p- 99. 
9 Supplemento, p. a 





TO-MORROW’S GASOLINE? 


By Professor R. B. SMITH 


COLGATE 


Tus question of the duration of the 
oil supply has been discussed so often 
that another article may seem unneces- 
sary, but if a few more people are set to 
thinking by this attempt, the time and 
effort necessary will be well repaid. 
Each of us looks at the problem from a 
slightly different angle and so some- 
thing may be contributed to our general 
knowledge of the subject. 

It is useless to say that the petroleum 
supply will fail in five, ten or any other 
definite number of years because such 
predictions have been made again and 
again and the coming in of a single 
gusher in a new field will entirely upset 
all ealeulations; but one thing is as cer- 
tain as anything in the physical world 
ean be and that is, we have to-day less 
oil than we once had and to-morrow we 
are going to have still less, because we 
“an not ‘‘eat our cake and have it too,’’ 
no matter what the average person 
thinks. Some day the domestic oil bar- 
rel will be empty—and then what? 

It is unthinkable that we must some 
time, perhaps within the lifetime of 
even some of the older of us, throw all 
our automobiles, airplanes and other 
gas-driven necessities onto the scrap 
heap. We can not believe that a civiliza- 
tion so largely founded on the internal 
combustion engine will be wrecked for 
want of materials to drive that engine. 
But what are the probable future 
sources of such materials and what is the 
probability that they will be developed 
in sufficient quantities to meet our needs 
as gasoline fails? 

Men engaged in the business of refin- 
ing oils and producing from the fields 
do not seem to be worried about a future 


UNIVERSITY 


supply. One man of prominence s 
few years ago, ‘‘Fear of exhaustio1 
the world’s supply of petroleum is 
bug-a-boo. There is plenty of petroleum 
and will be for a long time, but the ques 
tion is, is the United States willing 
pay the price for an adequate shar 
the world’s supply?’’ A chemist of 
of the world’s greatest refining « 
panies remarked that his company 
oil enough in sight to take care of t! 
refineries for many years to come, : 
yet the Geological Survey told us 
1920 that we had petroleum in 
United States to last about twenty y: 
more, that is to say that by 1940 
native supply would be practicall; 
used. -~Such predictions have | 
changed from time to time, the limit | 
been extended, but already we are 
porting heavily from Mexico and it 
believed by many, who should k 
what they are talking about, that 
have already passed the peak of ou 
production and are on the down grad 
The pessimistic predictions of the Ge 
logical Survey were partly based on t 
assumption that no wells would be p: 
ductive if drilled deeper than 2,700 i 
but to-day in the California field we 
have wells giving large yields f 
depths of over 5,000 feet. Yet no mat 
ter how many more fields we discov 
how deep we drill our wells, there mus' 
be a limit somewhere; and yet th: 
seems to be no limit to the number 
automobiles we can build and sell. 1 
curve of production of gasoline from 
native sources is sure to fall, while t! 
of motor cars is rising. 

Efforts to find oil in our island poss 
sions have not been a success and after 
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a five-year effort one great company has 
withdrawn its explorers and given it up 
13 a bad job. There is plenty of oil in 
Canada according to the incomplete sur- 
veys that have been already made, but 
much of it is almost within the Arctic 
Cirele and the difficulties of getting it 
mt of the ground, refined and to the 
market are so considerable that we can 
not depend on the Canadian supply for 
some time to come, if ever. There is 
plenty of oil in the world, but it is not 
within the boundaries of the United 
States, and since we have here so many 
more automobiles than all of the rest of 
the world, the outlook for us is not so 
good. Russia has probably more oil 
than we have and the same may be said 
of other countries, but if oil must be 
brought across the Atlantic or Pacific to 
our refineries the outlook for gasoline at 
anything like present prices is none too 
hopeful. Some day we may be paying 
fifty cents or more for gas and then 
many relatively poor people must lay up 
their little cars, unless of course we 
scientists can do something about it. 

The general public has an almost 
childlike faith in the chemist and engi- 
neer and believe that we can take rab- 
bits out of hats and pick diamond rings 
and first-class watches out of the air, but 
it takes time to set up the magician’s 
table, and also it costs a lot of money. 
To fill the almost empty oil barrel is our 
task and it will be accomplished, but the 
difficulties are much greater than people 
think and much hard work must be done 
and much money spent before our task 
is finished. Furthermore, our present 
oil barrel has a number of leaks in it, so 
it would seem that the most logical thing 
to do at present is to stop up the holes, 
making what we have last as long as 
possible and give the scientists a fair 
chance to make good on the public ex- 
pectation. Let us see what some of 
these leaks are and what can be done 
about them. 


It has been estimated by various stu 
dents of the problem that a very lai 


pereentage of the oil of anv field is k 


Wells are not ¢ 
they become flooded 


in the ground. 
pletely emptied; 
with water and other causes rob us 
much of the oil we might expect. Some 
put the amount left in the 
high as 80 per cent. of the total in 
field. 
SU per cent. or some good portion of it 
Some have tried flooding to raise the 
but this wells 
Compressed air has been tried, solutions 
of soda ash have been poured down « 
wells in the hope that the oil in others 
might be increased in flow. Many othe 
tricks have been tried but thus far wit! 
comparative ly little success. We may 
hit upon some scheme to make our fi 
yield better, but 
not very promising. 

There are other things we can do, 
For examp!| 


ground as 


Now how are we going to get that 


eventually spoils the 


as yet the prospect is 


however, every one of us. 


we may conserve oil on the car; we can 


] 


make a gallon give us more miles and 
can stop waste in other ways. It has 
been calculated that there is enough la- 
tent energy in a gallon of good gasoline 
to run a Ford car 480 miles on a level 
hard-surfaced road on a day when there 
is no wind. The writer does not know 
who made this calculation or how near 
the truth it is, but granting for the sake 
of argument that it is true, this means 
that we are getting an efficiency from 
our gallon of gas of but 4 per cent., as 
our average is somewhere near twenty) 
miles. The steam engineer and the elec- 
trical engineer, the chemical manufac- 
turer, etc., would feel that a 4 per cent. 
yield on any process was pretty small, 
and while we may never expect to get 
100 per cent. of the energy from a ga 

lon of gasoline in terms of useful work 
it is safe to say that our automotive 
engineers will not long be satisfied with 
our present efficiency, especially in view 





338 


of a failing petroleum supply and rising 
prices. 

We are wasting large quantities of 
petroleum in our city gas plants. Gas 
in earlier times was made by the distilla- 
tion of bituminous coal of high volatile 
content, and such gas had high lighting 
powers. Then the cheaper and more 
efficient water gas process was discov- 
ered whereby steam is passed over incan- 
descent carbonaceous matter and a gas 
results which is composed chiefly of car- 
bon monoxide and hydrogen, both of 
which burn with a non-luminous flame. 
The law demanded, and I believe still 
does, that city gas should have a definite 
illuminating power, and to achieve this 
the makers of water gas had to mix with 
their product a certain amount of oil gas 
made by the destructive distillation of 
petroleum. Since to-day we use gas 


almost entirely for heating or industrial 
purposes and almost never for lighting, 
the illuminating value of a gas is of 


little concern to us and this ancient 
legislation should have been repealed 
long ago and the petroleum used in the 
gas industry released for other and use- 
ful purposes. 

Higher compression engines will en- 
able us to use the higher boiling con- 
stituents of petroleum. Some of us com- 
plain that we now have too much kero- 
sene in our gasoline, but the engines of 
improved design should be able to take 
eare of kerosene all right. The knock- 
ing of the engines with these higher 
boiling substances has been one reason 
why they have not been more used in 
the past, but antiknock preparations 
seem to be doing away with this diffi- 
culty. There has been some hesitation 
in using such antiknock preparations as 
tetraethyl lead, used in ‘‘ethylgas,’’ 
because of the serious danger of poison- 
ing, but since the danger is recognized 
and precautions taken against it there 
seems to be no reason why it should not 
be used, and thus much material is 
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thrown into the market for our use 
which was of little value a few years 
ago. 

The writer does not believe that th, 
most efficient type of carbureter is ; 
the market; improvement can still | 
made. We may expect that the design. 
ers of the future will give us cars, th; 
mileage of which per gallon of gas wil] 
exceed the sweetest dreams of present 
day motorists. Indeed, a statement was 
made several years ago in one of thy 
scientific journals that there was then a 
earbureter possible which if installed 
the old-fashioned Ford cars would have 
saved enough in a year on the gasolin 
bill to allow the purchase of 75,000 mor 
Fords. If this is true Mr. Ford and Mr 
Rockefeller should get together and talk 
things over. 

Another direction in which we may 
save gas is in the use of smaller and 
lighter cars. There is much progress 
being made in this direction and yet 
other countries seem to be doing bette: 
than we are because of the greater 
eost of gas, and some of the mileages 
they have achieved on a gallon of gas 
have been remarkable. During the war 
when it was necessary to save for th 
needs of our overseas forces, it was not 
considered good form to leave an engin 
idling, and yet we seem to have forgot- 
ten our lessons learned at that time t 
such an extent that much gas is being 
wasted in that way. The writer always 
has a feeling of disgust at seeing a car 
standing still with the motor running 
while the owner is passing the news | 
the day in some store or office. If the 
ear owner could realize that by wasting 
gasoline he might be depriving himse!i 
or more certainly his children of th 
pleasures and convenience of chea] 
gasoline he would not be so careless. 

Running our trains and ships wit! 
crude petroleum may be convenient and 
cleanly, but it is wasteful, as we hav 
other means of propulsion that ar 
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about as good. The development of the 
steam turbine for the sea, the increase of 
the use of electricity for the shop and 
for land traction would seem to make it 
entirely unnecessary to use petroleum 
either for traction or in the factory. It 
would seem far better to save this for 
our cars and trucks. Heating our 
houses constitutes another waste of 
petroleum, and it is safe to predict that 
those who are now enjoying the freedom 
from work which this method of house 
heating makes possible will soon again 
be shoveling coal and carrying out ashes 
as of old. Perhaps we may be driven in 
our cities and small towns to some form 
of central heating which will do away 
with household furnaces entirely. Why 
not? If we can pipe water and gas into 
our houses, take away the sewage 
through pipes and bring in electricity 
over wires, is it too much to think that 
we will some day have sense enough to 
pipe heat into our homes and places of 
business from some central plant? Then 
this waste of petroleum will be elimi- 
nated and our oil still remaining will be 
conserved a much longer time. 

But granting that the oil is being 
exhausted and that the end will come 
some time, what seems to be the most 
likely substitute? It is, of course, im- 
possible to go into much detail concern- 
ing the several substitutes that are possi- 
ble, but they may at least be indicated, 
and of these alcohol is the first. 

Alcohol in place of gasoline has many 
advocates. Possibly they feel that filling 
the gas tank as well as the driver with 
the ‘‘joyous juice’? may add new 
glamour to motoring. The rest of us 
have our doubts. But it is quite probable 
that aleohol will play a large part in 
replenishing our supply of motor fuel, 
and yet there are some properties of the 
substance that make it much less desir- 
able than gasoline. In the first place is 
the fact that an engine starts badly on 
alcohol. This difficulty may be overcome 


by the use of ether for starting because 
if cheap alcohol is available we will also 
have cheap ether. Furthermore there is 
not the same energy in a gallon of alco- 
hol as in a gallon of gasoline, so we will 
have to stop at the filling stations more 
often. It is also a question whether 
aleohol can be produced in large enough 
quantities, although it can be made from 
almost any organic material. Almost 
any vegetable matter can be changed 
into sugar and when this is treated with 
yeast nature will take its course, a fact 
well known to the home brewer and dis- 
tiller. 
when she was listening to a lecture on 
the wonders of chemistry, ‘‘ What is the 
use of trying to make people temperate 
when a man with a buck saw can get 
drunk on a piece of fence rail?’’ So 
easy is it to convert vegetable matter 


As one old lady once remarked 


into alcohol, even such material as cel- 
lulose, that a single copy of the Sunday 
edition of your favorite paper might be 
converted into enough to cause the par- 
taker thereof to become most optimistic, 
for a time at least. If we were to use 
food crops for alcohol, the amount of 
land that we would have to employ 
might be more than we could spare and 
still feed our people. All sorts of waste 
material from our sawmills, straw, grass, 
cornstalks, cotton plant wastes, pea 
vines, and a thousand other things can 
be used which now have no value, but 
the question is one of cost; and even if 
all such waste should be utilized there 
would not be enough alcohol to take care 
of all our need for motors. The Germans 
have developed a special kind of potato 
for alcohol manufacture, a potato full 
of starch, large but flavorless and unfit 
for food, but here again the question of 
sufficient land enters in. Perhaps some 
sort of tropical vegetation might be used 
and the center of alcohol production 
may be the dense jungles near the equa- 
tor where vegetation grows so rapidly 
that no form of human life can thrive 
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in such regions until it is cleared. Oh, 
yes, we chemists can make you motorists 
a lot of aleohol. But we predict you 
won’t like it as well as gasoline and 
you won’t like the price either until 
very large scale production is reached. 

Shale oil, distilled from the great 
mountains of shale in some of our west- 
ern states, offers some most interesting 
possibilities for a future source of petro- 
leum products. We need lubricating 
oils as well as motor fuel, and these 
shales will furnish them while alcohol 
does not. Petroleum has been made for 
a long time from shale, especially in 
Scotland where so little of anything goes 
to waste. The Scottish shales lie fairly 
deep in the earth, are in thin beds, much 
folded and irregular so that mining is 
difficult. But it seems that if the Scotch 
can make a success of the industry under 
their working conditions we can utilize 
our shales which are in mountain-like 
masses in Colorado, Utah, and other 
places. Instead of mining and hoisting 
the rock to the surface we have in many 
places only to blast it out from the hills 
and drop it by gravity to refining plants 
along the railroads. 

It has been known for a long time that 
oil shales contain combustible material, 
the fact having been discovered by two 
enterprising miners of pioneer days. 
These gentlemen built themselves a nice 
log cabin with a fine fireplace and chim- 
ney. Fireplace and chimney were laid 
up with some flat black stones they 
found in the neighborhood; when they 
built their first fire, fireplace, chimney 
and cabin went up in flames, a discovery 
of the properties of oil shale which we 
might compare to the Chinese discovery 
of the delights of roast pig—convincing 
but expensive. 

It is calculated that the oil shales of 
Colorado alone will yield twenty billion 
barrels of crude oil much like petroleum, 
equivalent to about one billion barrels 
of gasoline, and Utah can furnish as 
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much more. There are other promising 
sections also. Another survey brings ys 
the information that there is ten times 
as much oil in the shales of Colorado 
has been produced in the United Stat 
since 1859, the year of first product 
This is certainly good news to a natio 
clamoring for more oil, but we must 1 
forget that it is a long way from 
oil in the mountain to the gasoline ta: 
on our car. In the first place we must 
have a whole army of miners, perhaps | 
should say quarrymen, as it is more 

a quarrying than a mining propositio: 
to get the shale out, and it is estimat 
that as many men will be required as ar 
now employed in the present coal indus- 
try. The development of shale oil w 
almost at once take up the slack in t! 
coal-mining industry, which seems to 
suffering from the fact that we hay 
more miners and mines than we 
profitably use. Then we have the difi- 


culty of distilling the oil from the sha 


and this will demand a manufacturing 
organization much like the present for 
refining petroleum. Probably the retfin- 
ing facilities of to-day will be appli 
to a very large extent. Certain by- 
products of shale would be very proiit- 
able, such as ammonium sulfate, flotat 
oils, ete., and the value of these wi 
greatly reduce the cost of manufactur 
of our gasoline and lubricants. But 
is evident that under the most favorable 
circumstances it will be a long time and 
a vast amount of money must be spent 
before the shales can furnish as much 
gasoline as we are now using each year 
Shale, however, seems to offer a sourct 
of gasoline which will be very depend- 
able once it is developed, and we do not 
need to fear that the supply will fail 
for a long time; many of us believe that 
here is our most probable source of ol 
in the future. 

The distillation of coal tar and the by- 
products coking process offer a consider- 
able quantity of what is called distillate, 
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a liquid consisting largely of benzol and 
toluol, and this has already been used 
success in internal 
combustion engines, either alone or 
mixed with gasoline. Indeed many of 
our filling stations are selling blended 
gasoline of which distillate is a consider- 
able constituent. There seems to be 
some difference of opinion as to the 
value of distillate in an engine: some 
say that there is more carbon formed, 
spark plugs become fouled more quickly 
than with straight gasoline; yet others 
say they have used the substance for 
years with no more trouble than from 
gasoline. But if all the coal produced 
in our year of highest production had 
been ecoked by the by-product method 
and all the tar distilled for its maximum 
yield of distillate, only about 70,000,000 
barrels could have been made, or enough 
to take care of our motor needs for the 
year 1917. But to-day we have cer- 
tainly a third more cars than at that 
date and so it is evident that under the 
most promising conditions distillate will 
not meet our demands. It will probably 
be very useful as far as it goes and will 
greatly help to fill an oii barrel which 
contains alcohol, shale oil and other 
things equally interesting. It should be 
added that at present the total produc- 
tion of distillate meets about 2 per cent. 
of our gasoline demand. 

We have believed for years that if we 
could make coal combine with hydrogen 
and if we could get cheap hydrogen we 
could synthesize hydrocarbons like those 
found in petroleum. At last in the 
Bergius method such a process has been 
worked out and is being operated profit- 
ably in Germany. There, of course, it 
does not have to compete with gasoline 
as cheap as we have it here in the United 
States. Cheap hydrogen we can obtain 
from the water gas process. In most 
common fuels, with the exception of an- 
thracite coal and coke, the ratio of car- 
bon to hydrogen is about 16 to 1, while 


with considerable 


in the hydrocarbons which make up 
petroleum the ratio is about as 8 to 1 
Now the question arises, if we could in 
crease this ratio in coal could we not 
obtain the hydrocarbons? Sergius un- 
dertook the solution of the problem and 
has made a success of it. 
the coal is broken up into small grains 
about the size of wheat grains, then is 
mixed with a little crude oil or tar and a 
catalyst, in a strong cylinder, and over 
it is passed water gas under a pressure 
of 3,000 pounds to the square inch and 
at a temperature of about 800° C. The 
result is a liquid that is much like erude 
petroleum except that it lacks some of 
petroleum’s low boiling 
The exact nature of the catalyst is not 
known, although it is probably one of 
two types, either a mixture of copper, 
manganese and compounds or 
copper, cobalt and uranium as oxides, 
as the finely divided metals or both. In 
a recent experiment carried out at the 
Coal Conference of 1928 in Pittsburgh, 
104 gallons of crude oil were obtained 
from a ton of coal. From this, forty-five 
gallons of good gasoline were obtained 
by distillation, also fifty-five gallons of 
oil and four gallons of tar. The oil in 
turn yielded twenty gallons of spindle 
oil, thirty gallons of high-grade motor 
oil and five gallons of cylinder oil and 
grease. The gasoline did not knock 
when used, probably due to the presence 
in it of considerable quantities of un- 
saturated compounds, more than in gaso- 
line made by straight distillation of 
petroleum. 

The importance of this Bergius proc- 
ess may be assumed from the rumor that 
the patents for the United States have 
been purchased by one of our great 
refining companies. It will, without 
doubt, be placed in operation as soon as 
the price of natural gasoline reaches a 
high enough point to make the new proc- 
ess pay. One writer has said that the 
‘*Bergius process is like a large endow- 
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ment policy for the future of the motor 
industry.’’ It is a nice thing to think 
about and it is quite probable that much 
of our gasoline of the future will be 
made by this process. Possibly it will 
be the universal process, but the writer 
feels that all of the various possibilities 
for making gasoline substitutes will be 
exploited and we will fill the empty gas 
barrel with many different types of 
materials, all of which will serve to help 
earry the burden. 

Some research has been carried out on 
methods of making gasoline synthetically 
from acetylene. This is probably only 
a laboratory curiosity at present as the 
cost would be prohibitive. Also some 
suecess has been attained by Fischer, in 
Germany, on a process of combining 
carbon monoxide with hydrogen by pass- 
ing them at low pressure over suitable 
catalysts of iron or nickel. This has 
already resulted in the commercial pro- 
duction of methyl aleohol and other use- 


ful products as well as a series of hydro- 


earbons. There is already a product of 
this process called synthol, used as a 
gasoline substitute, and we are waiting 
for further developments with great in- 
terest. Some believe that these reac- 
tions have only theoretical value and 
that they can not be worked out on a 
commercial seale, but one great argu- 
ment in favor of such a process as this 
of Fischer is that it ean be carried on by 
the common city gas plant. The manu- 
facture of gas is a more or less season- 
able operation as much more gas is 
consumed in winter, hence expensive 
equipment has to remain partly idle in 
thesummer. Nowif such plants could be 
utilized for making gasoline in the sum- 
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mer, full-time use of the plant would be 
possible, and any organization is most 
economical when being operated 
capacity. Equalization of the load 
the gas plant would be a good thing ; 
around. 

One of the officials of the Bureau 
Mines expressed the feeling that s 
thetic gasoline will surely be on th 
market as soon as it is needed and 
the industry will be so developed that i: 
will ultimately meet the full demand { 
motor fuel. The man in the street w 
probably never realize that the fuel he 
purchasing never came out of 
ground, so gradual will be the cha: 
from one kind to the other. No one 
stance, no one process will meet the f 
situation completely, but at first all 
be working together, until one process 
shows its superiority over the others a 
the weaker drop out of the race. 

Every human need thus far has been 
met in some way or another, and th: 
plenishing of the gasoline supply will | 
no exception. We feel confidence tl! 
this need will be met and met fu 
Scientific and engineering progress has 
been so amazing in the past fifty years 
and the rate is to-day being so acceler 
ated by research that we can nev 
doubt the future. 3ut research costs 
money and takes time; it demands th 
hardest thinking. And to solve tl 
great problem of the gasoline supply to- 
morrow we must have the most cord 
cooperation between chemists and eng 
neers, and the men of money must b 
prepared and willing to furnish 
almost incredible number of millions 
which will be eventually returned 
them with many other millions added 
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VITAMINS 


AND THE WORLD OF PLANTS 


By Dr. NORMAN ASHWELL CLARK 
THE DEPARTMENT OF CHEMISTRY, IOWA STATE COLLEGE 


For nearly seventeen years it has been 
known that animals, including the hu- 
man race, require in their diet minute 
quantities of organic substances of un- 
known composition—termed vitamins— 
before growth can occur or health be 
maintained. By an_ ever-increasing 
number of searchers these essential sub- 
stances have been investigated, in order 
to find where they exist, to learn their 
effect on the body and to isolate them in 
a pure state. The influences, however, 
which lead to the production of these 
vitamins have been much less thoroughly 
studied than the effects they cause; 
nevertheless, knowledge is gradually 
accumulating which may prove of im- 
portance in food production. 

While suecess in the isolation of these 
substances has been small and we can 
not yet point to any group of chemicals 
and say ‘‘These are the vitamins,’’ the 
major effects on the animal body of their 
absence in the diet are fairly well known. 
The particular functions which are stim- 
ulated into action by their presence— 
whether one vitamin acts on the nucleus 
of all the cells or another on some special 
organ of the body—are not yet perfectly 
understood but the information that has 
been gained has played no small part in 
that ‘‘newer knowledge of nutrition’’ 
which is becoming so widely diffused. 

Because the composition of the vita- 
mins is not known, they are named by 
the letters of the alphabet. The first is 
A and its function is ‘‘growth-promot- 
ing.”’ A constant supply is essential 
for growth in young animals, although 
it may be stored to some extent in 
the adult body. Absence produces 
also the disease of the eyes known as 
xerophthalmia. A is found in green 
leaves, in yellow fats and in liver oils, 


especially in cod-liver oil; vegetable 
oils, as a rule, lack it. B is called the 
water-soluble vitamin, and is now known 
to consist of two, very closely associated 
in nature—the anti-neuritic, which is 
tested by its power to cure paralysis, 
particularly in pigeons, brought on by a 
diet such as polished rice; and the 
growth-promoting B, which may also 
prevent pellagra. These are present in 
green leaves and in seeds; yeast contains 
large quantities. C is the anti-scorbutic 
vitamin which prevents scurvy. It is 
not found in seeds but is plentiful in 
young sprouts. Citrous fruits, toma- 
toes and green leaves contain it. D is 
the anti-rachitic, associated frequently 
with A. This vitamin prevents rickets 
in children and has a great deal to do 
with good bone growth. One of the 
chief sources is cod-liver oil, but ultra- 
violet rays, either from sunshine or pro- 
duced artificially, may take its place. A 
little-known chemical substance, ergos- 
terol, when irradiated with ultra-violet 
light, has the same effect in the diet as 
the vitamin. The last is E, without 
which reproduction in animals ceases. 
E occurs in oil extracted from the germ 
of the wheat seed and in some green 
plants; it has only recently been investi- 
gated and reported. 

From the observation that the sources 
of the vitamins are found so frequently 
in plants, it seemed possible that the 
animal world might be dependent upon 
the plant world for its supply. Investi- 
gation has shown that ‘‘the vitamins 
present in animal tissue, and in products 
of animal activity have not originated 
there, but have been transferred from a 
vegetable source.’’ The cod does not 
produce the vitamins which are obtained 
from its liver. The cod feeds on smaller 
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fish, such as the herring, and these in 
turn eat the planktons—floating worms 
and larvae—whose food consists of 
microscopic marine organisms, among 
which are unicellular algae called dia- 
toms. It is the diatom which produces 
the vitamin, and this is passed through 
the various stages unchanged until it is 
concentrated in the cod-liver oil. 

Thus the vitamins are formed outside 
the animal world, but are found in 
plants and in certain micro-organisms. 
Questions as to their production at once 
suggest themselves. How does the 
plant obtain the vitamins? Does it 
manufacture them or get them ready- 
made from micro-organisms? What 
conditions are best for their production, 
and is it possible to increase the vitamin 
content in the plants used for food? 
Does the plant or the micro-organism 
need these vitamins, or other similar 
substances, in order to live? These 
aspects of the subject have received 
comparatively little attention, but are 
not altogether unknown. 

It may be asked why it is necessary to 
investigate these questions, if the ordi- 
nary diet of the human race supplies a 
sufficient quantity of the vitamins for 
good growth and health maintenance. 
Quite apart from the unsuspected facts 
of value which may be discovered—a 
condition which so frequently occurs 
when such investigations are made—it 
is becoming more and more evident that 
certain types of diet, not only among the 
rice eaters of the East or the millet 
eaters of India, but also in this country, 
show a deficiency in the vitamin content 
—a lack not sufficient to stop growth or 
to produce xerophthalmia or scurvy, but 
large enough to cause susceptibility to 
some of those minor ailments which so 
greatly cut down the efficiency of the 
individual, and which so quickly take 
the joy out of life. Attempts have been 
made, therefore, to trace back the sources 
of these vitamins and to find out condi- 
tions which are favorable for their for- 
mation. 
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An investigation was started alon: 
these lines to determine what it y 
necessary to feed the marine alga 
which produce the vitamin finally four 
in cod-liver oil. The first attempt 
grow these diatoms in a solution of pu 
chemicals—an artificial sea-water—y 
a failure. Later, this was accomplish: 
and good growth of the diatoms in s 
tions free from organic matter was 
tained ; the diatoms produced vitamin 
from solutions of pure chemicals. Sir 
larly fresh-water algae, free from 
trace of bacteria, were induced to gr 
in a synthetic solution without organ 
substances, and they produc 
vitamin A. In the presence of sunlight 
these algae can form vitamins fro! 
purely inorganic constituents. 

Certain algae will therefore grow a1 
reproduce without any trace of orga 
matter, but this does not necessarily ex 
clude the possibility of their rate 
growth or their speed of reproductior 
being accelerated by the inclusion 
organic substances in the solution 
which they live. In the case of protozo 
microscopic organisms belonging to t) 
animal world, it has been claimed 
some investigators that organic matte! 
contains an unknown fector—‘‘sul 
stance X’’—which is essential for th 
growth. This statement has been dis 
puted by others, who hold that the w 
known substance is not essential for t! 
protozoa, but that it stimulates their |i 
processes. It is necessary to distin 
guish carefully between those facto! 
which are essentials—as vitamins ar 
essentials for animals—and those whic! 
are not necessary for life, but which ma) 
increase the rate of growth, the speed 
reproduction or the quantity of som 
substance formed within the organism 

If we keep this distinction in mind 
and turn to the bacteria, we find that 1 
general bacteria can not make use 
carbon dioxide as a source of carbon, but 
are dependent on organic food for tha‘ 
element. Only a few, such as the sulfu! 
bacteria, can do without the organic 


also 
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material. It is particularly difficult, 
therefore, to find whether they need 
minute quantities of a special kind of 
organie matter which may act as an es- 
sential in a similar manner to vitamins, 
or even if traces of any substance act as 
a stimulant. There are many chances 
that the very small quantities needed are 
already ineorporated in the organic 
matter on which the bacteria feed. Some 


attempt has been made to investigate 
this problem, but up to the present time 
progress has been slow and claims for 


the existence of such substances are gen- 
erally regarded as unsatisfactory. 

When we turn to the other side of the 
question and inquire if the bacteria pro- 
duce the vitamins, we find considerable 
divergence of opinion. There are indi- 
eations that bacteria not only manufac- 
ture the vitamins, but also produce 
various stimulating substances for the 
growth of plants. The theory has been 
put forward that it is bacteria alone 
which are eapable of synthesizing the 
vitamins; that they carry them to the 
green plants, and that the vitamin con- 
tent of the plant is as incidentai as that 
of the cod. This theory, again, has not 
received general support. 

A large number of different species of 
bacteria have been tested for vitamin B, 
with results which vary widely. While 
it has been shown that certain species of 
bacteria produce comparatively large 
amounts of B, others show no effect 
whatever when added to the diet of ani- 
mals. The absence of this effect is 
caused, sometimes because the species 
produces so small an amount that the 
animal can not eat enough of the bac- 
teria to get the quantity of the vitamin 
it requires, and sometimes because the 
micro-organism lacks the vitamin en- 
tirely. However, the synthesis of B by 
bacteria seems to be of rather general oc- 
currence, although in varying amounts; 
there is little information concerning the 
formation of the other vitamins due to 
bacterial activity, and none at all 
whether a change of food or conditions 
would increase the vitamin production. 
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At the present time bacteria as food 
figure little in the human diet. It is 
true we use the products from a few 
bacterial transformations—vinegar is 
produced from alcohol by Mycode rma 
aceti, and Metchnikoff introduced the 
drinking of milk treated with the Bul- 
garian bacillus in order to change the 
bacterial flora in the intestines; but as 
food, per se, bacteria have been 
lected. When we consider the amazing 
changes which have been brought about 
in animals by selection and feeding, and 
the ease with which bacteria can be pro 
duced, the possibilities of ‘‘bacterial 
farms’’ can not be dismissed altogether 
as a factor in the food supply of the 
future. 

That micro-organisms may yet find a 
place in the diet is indicated by the 
daily use of yeast by thousands of people 
in this country. Yeast cells, although 
far larger in size than bacterial cells, are 
still microscopic in dimensions. Used 
for ages in the making of bread and in 
the fermentation of sugars, early in the 
study of vitamins certain yeasts were 
found to contain large quantities of the 
water-soluble B, and again the questions 
needed answering: Do the cells produce 
the vitamin or do they get it from their 
food? Is B needed for the growth of 
the yeast itself or is an organic stimulant 
necessary for the life and reproduction 
of the yeast and for the formation of the 
vitamin ? 

Before this discovery of vitamins, it 
had already been pointed out that it 


order to get good 


neg- 


was necessary, in 
growth in one species of yeast, to sup- 
ply matter with the 
needed sugar and inorganic salts. The 
unknown substance in the organic ma 
terial causing the stimulation was given 
the name ‘‘Bios,’’ meaning growth. It 
oceurred in widely different kinds of 
organic matter and was even present in 
the yeast itself, for the cells when 
erushed and added to the inorganic 
salts produced the same remarkable 
acceleration of reproduction. 

Bios proved to be a stimulant but not 


organic along 





346 


an essential for yeast life. True, the 
cells would multiply only very slowly 
when grown in a medium consisting of 
inorganic salts and cane-sugar, but re- 
production did take place. For some 
time it was not known whether this 
multiplication was due to a trace of 
Bios in the sugar, even when it was 
carefully purified, but later, a simple 
sugar was manufactured from pure 
chemicals which the yeast used, grow- 
ing without added organic matter. 
Bios, accordingly, did not act towards 
yeast in the same way as vitamins with 
animals: it was a stimulant for yeast, 
while a vitamin was an essential in the 
life of the animal. The proposal to in- 
clude Bios as one of the vitamins was 
therefore dropped. 

A large number of plant and animal 
tissues which contained vitamin B also 
contained the substance Bios: the sug- 
gestion was made that B and Bios were 
identical and that the same substance 
was the stimulator for yeast and the 
essential for animals. A method for 
the measurement of B, depending upon 
this and promising to be much more 
rapid than the feeding of animals, was 
worked out from the quantity of yeast 
produced by the vitamin-containing ma- 
terial. The method, however, proved to 
be unreliable, for evidence accumulated 
pointing to the separate existence of 
B and Bios. Investigations were pub- 
lished from many different sources to 
show that vitamin B and Bios were not 
only occasionally found separated in 
different substances, but also that chem- 
ical actions which would destroy the one 
were frequently harmless to the other. 

All attempts to isolate vitamin B had 
failed, but Bios after long research gave 
up some of its secrets. In 1925 there 
came reports from three different lab- 
oratories to show that Bios was not a 
single substance; it contained at least 
two distinct parts—Bios I and Bios II— 
which could be separated from each 
other. Neither of these fractions could 
stimulate the yeast alone, but together 
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they were as effective as before separa. 
tion. Both Bios I and Bios II 
shown to be different from either \ 
min B or C; the chemical treatmen: 
which resulted in the separation 
stroyed entirely vitamin B. 

The two Bios fractions were 


wer: 


found 


to occur, sometimes together and some. 
times apart, in a wide variety of animal 


and vegetable products. At the Univer. 
sity of Toronto, tea siftings were 
covered to contain large quantities 
Bios I, and after repeated attempts 
crystalline substance having the proper. 
ties of Bios I was isolated from the tea 
This proved to be an organic chemica 
—inosite—a substance which is known 
to occur frequently in plants, espe- 
cially in the growing parts. The com- 
mercial product was found to have th: 
same stimulating action on the growth 
of yeast, when mixed with substances 
containing the unknown Bios II, as the 
inosite isolated from the tea siftings. 
There are two facts regarding th 
inosite which are worth noting. First, 
the yeast uses a definite amount of tl! 
inosite for each cell, and that amount 
can be recovered quantitatively fro 
the cell at the end of its growth—a con- 
dition similar to a chemical ‘‘catalytic 
action’’ in which a substance starts or 
increases the speed of a reaction but is 
not itself used up. Secondly, although 
the yeast grown without Bios I manv- 
factures it slowly, yet when mature the 
cell contains only about half as much as 
it holds when a supply has been fur- 
nished. As it has been shown that yeast 
grown without organic matter produces 
the vitamin, it is evident that the pres- 
ence of Bios I is not necessary for the 
yeast to form B, unless the inosite 1s 
formed in the cell as a preliminary step 
in the building up of the vitamin. It 
may prove that inosite formation is such 
a preliminary process, for the vitamin 
supply of yeast grown without organic 
matter seems also to be about 50 per 
cent. of the usual vitamin content of 


the yeast cell. 
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The problems in connection with the 
green plants are even more difficult to 
solve than those of micro-organisms. 
Plants take longer to grow than bacteria 
or yeast, and they are much more highly 
organized. The quantity of a vitamin 
not only changes from plant to plant, 
but also varies in the different struc- 
tures, leaf, stem, root, flower or seed. 
Although little more than an approach 
to the fringe of the subject has been 
effected and the problems indicated only, 
yet enough has been accomplished to 
bring out possibilities of influencing 
future agricultural practices. 

Shortly after the discovery of the 
existence of vitamins necessary for ani- 
mals, a claim was put forward for 
similar essential substances for green 
plants. These unknown substances were 
ealled ‘‘auximones’’—meaning growth- 
promoting. Wheat grains which would 
grow in solutions of inorganic chem- 
ieals, responded quickiy to additions of 
organic matter when part of the seed 
was removed after the wheat had started 
to sprout. This indicated that the seed 
might contain the auximone or plant 
vitamin. Water plants were therefore 
chosen which multiplied by putting out 
small leaves from the parent leaf. The 
new leaves separated from the others 
and in turn produced a new generation. 
These duckweeds, containing the char- 
acteristic chlorophyll of the green plant, 
failed to reproduce continuously in two 
well-known inorganic salt solutions, but 
on the addition of organic substances 
from farmyard manure or from the 
soil, growth was obtained. The results 
pointed to the conclusion that ‘‘all 
green plants require the presence of or- 
ganic matter of a special kind for their 
maximum growth and development.’’ 

This statement was not allowed to 
pass unchallenged. At Iowa State Col- 
lege the same plants were tested in a 
large number of inorganic solutions, 
and it was found that by altering the 
chemicals it was possible to obtain a 


solution in which the duckweeds would 
reproduce and maintain their health 
and vigor without the addition of any 
traces of organic matter. The plants 
passed through hundreds of generations 
and no deterioration was shown. This 
removed the possibility that green 
plants needed organic substances as 
essentials, but left as an open question 
the stimulation of growth, or even the 
alteration of the plant content, by or- 
ganic matter. 

It was in 1840 that Liebig finally ob- 
tained the acceptance of the fact—dis- 
covered earlier by Senebier and de Saus- 
sure—that green plants acquired their 
carbon, not from organic matter in the 
soil, but from the carbon dioxide of the 
air. Thirty years afterwards, Grandeau 
indicated that at least part of the carbon 
might be taken in by the root, and later 
the presence of certain types of organic 
matter has been shown to stimulate 
strongly the growth of green plants. 
The effect upon the composition of the 
plant is not well known, and whether 
or not the vitamin content is affected 
has hardly been investigated; yet from 
the point of view of fertilizers in agri- 
cultural practice it is of primary im- 
portance to determine the effect upon 
the quality of the product. Agricul- 
tural improvement has in most instances 
given attention to improvement in quan- 
tity—in only a few cases where public 
demand has to be satisfied, or where 
private industry has set a standard, as 


in the sugar percentage of beets, has an 


increase in the quality of the product 
been the aim of agricultural practice. 
That this point of view may require 
changing in the future is quite pos- 
sible, for there is some evidence that 
at least the vitamin content of the plant 
may be affected by the organic matter 
in the soil. 

In India the observation was made 
that rice from different localities varied 
in nutritive value. The variation was 
traced to the soil in which the rice was 
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grown, and an investigation was started 
on the influence of soil upon the common 
grains of that country, of which one is 
millet. In Madras, millet is the prin- 


cipal cereal of millions of people, and 


in a restricted diet the vitamin value 
of the millet would be of considerable 
importance. This grain was therefore 
grown in three different ways: (1) on a 
soil which had received for years quan- 
tities of cattle manure; (2) on the same 
soil receiving instead of the farmyard 
manure, nitrogen and phosphorus and 
potassium as mineral fertilizers; (3) on 
the same soil without any additions. 
The seeds from the three plots showed 
no marked differences in size or chem- 
ical analysis, but when they were 
planted in a soil not especially rich in 
organic matter, the seeds from the plot 
which had received the farmyard ma- 
nure produced much greater crops than 
the other two plots. Further, there was 
a large difference in feeding value—the 
vitamin B content of the seeds from 
the manured crop was greater than 
from the others. Wheat, treated in the 
same way, showed the influence of the 
organic matter on the next crop, and the 
vitamin A content was larger. It seems 
that in the organic matter of the farm- 
yard manure there are substances which 
not only give the plant power to manu- 
facture vitamins A and B, but also pro- 
duce a stimulant in the seed which will 
influence the succeeding crop. 
Experiments in this country failed to 
show consistent variation in the vitamin 
B content of wheat, when the soil was 
treated with different mineral fertilizers. 
Results were obtained over a series of 
years but with only slight indication 
that phosphorus fertilizers might be 
more favorable to the vitamin formation 
than potassium or nitrogen. The vita- 
min content of all the wheats in the 
series of experiments was low, but no 
trials with the addition of organic 
matter were reported. Climate, how- 
ever, appeared to influence the quality 
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of the vitamin formed. This, along wit 
the differences in soils, may explain th; 
large variation in the amounts of wh 
required by different investigators 
an adequate quantity of B in the diet 
Whether the deficiency of the vitam 
due to climatie and soil conditions yw 
prove to be serious and whether it 

be overcome by agricultural practice re. 
mains as a problem yet to be solved. 

Although the importance of thes 
vitamins in the diet of the human rae 
is no longer disputed, attempts to ir 
crease the supply have been compara. 
tively few in number. We have seen 
that these essential substances are 1 
produced by animals, but are obtained 
by them from green plants or fror 
micro-organisms, and that the problen 
of production has been scarcely touche 
Certain types of marine algae contai! 
large quantities of vitamin A, and ft! 
is concentrated in the fish which eat 
them. These diatoms can synthesize the 
vitamin from inorganic sources under 
the influence of sunlight, and fresh- 
water algae act in the same way. Man 
species of bacteria as well as yeasts ca 
manufacture vitamin B. Green plants 
produce all the known vitamins, but i 
different plants and in varying qua! 
tities. 

The problem is complicated by the ex- 
istence of stimulating substances in or- 
ganic matter which may affect the 
quantity of the essential vitamins 
formed. This is almost certainly the 
ease with yeast, where the addition 
Bios adds materially to the content of 
vitamin B. There are some indications 
also, that on certain soils the cereals 
produced may vary considerably in 
vitamin content of A and B due to th 
presence or absence of organic matter 
With the growing reliance upon minera 
fertilizers, due to the lack of farmyard 
manures, the question may eventually 
become as important in the agriculture 
of this country as it is now in some other 
parts of the world. 
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PARASITISM AS A BIOLOGICAL 
PHENOMENON 


By Professor HORACE W. STUNKARD 


DEPARTMENT OF BIOLOGY, NEW YORK UNIVERSITY 


THE study of parasites and parasitism 
has in recent years developed into one 
of the important fields of scientific in- 
vestigation. Increased knowledge has 
shown that parasites play a tremendous 
role in the production of disease. One 
has only to note the prevalence and mor- 
bidity of hookworm, malaria, yellow 
fever, sleeping sickness, typhus fever, 
amebie dysentery, to mention only a few 
of the more commonly known parasitic 
diseases, to realize that the great 
secourges which have decimated popula- 
tions are of parasitic origin. It is 
largely the prevalence of parasitic dis- 
eases that has prevented the exploita- 
tion of the tropics, the richest and 
most productive agricultural areas of 
the world. The pathogenic bacteria are 
parasites in the strict sense of the word, 
and consequently most of the illness and 
death among men and animals is due 
to the activities of these organisms. 

Not only are human beings and other 
animals subject to attack, but statistics 
record that one tenth of all crop prod- 
ucts in the world are annually destroyed 
by parasites. Universities, government 
departments, endowed foundations, sci- 
entific societies and other agencies are 
maintaining staffs of workers engaged 
in study of the medical, veterinary and 
agricultural aspects of parasitic infesta- 
tions. Many of these investigators are 
directing their attention to the proto- 
zoan forms, others to the several groups 
of parasitic worms, while a study of the 
insect parasites constitutes a special sec- 
tion of the field of entomology. As a 
result of these studies there has grown 
up sO massive an accumulation of litera- 
ture that in addition to the American 
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Journal of Parasitology there are several 
English, French and German periodicals 
devoted entirely or primarily to the pub- 
lication of results in this field. 

It is, then, generally recognized that 
parasitism exists in nature and that it is 
wide spread. Few, however, clearly ap- 
prehend that it 
most distinctive 
existence, and constitutes a discrete and 


comprises one of the 
categories of animal 


characteristic biological phenomenon 
Careful and 
numbers of parasites, belonging to va- 


demon- 


critical study of large 


rious classes of animals, has 
strated that parasitism has certain basic 
and fundamental characteristics, no mat- 
ter in what group of animals the para- 
habit 
The same general tendencies are mani- 


sitic may have been developed. 
fest, similar attributes and relationships 
appear, and similar consequences inevit- 
ably follow the adoption of the parasitic 
habit. 

The consideration of parasitism as a 
biological phenomenon, and investiga- 
tion of its fundamental nature, origin 
and interrelations, may yield results of 
far-reaching Experience 
has shown that not 
searches into the purely scientific and 


consequence, 
infrequently re- 


theoretical aspects of natural phenomena 
have led to broader and clearer con- 


ceptions and have proved more valuable 
than the narrowly conceived and imme- 
diately practical application of existing 


It is this concept that is 
biological as- 


knowledge. 
here reviewed: i.¢., the 
pects of parasitism, the extent to which 
it oceurs in the animal kingdom, the 
origin and development of the parasitic 
habit, the evolution of the complicated 
life histories found among parasitic 
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forms, the effect of parasitism upon the 
parasite and upon the host, the relation- 
ship of parasitism to disease, and the 
factors of susceptibility, tolerance and 
resistance to parasitic infestations. 

A parasite is an organism which lives 
at the expense of its host, giving nothing 
of value in return. The term parasite 
was first used to designate those indi- 
viduals who frequented the tables of the 
rich and influential in ancient Greece 
and who courted these favors through 
fawning and flattery. The condition, 
then, has always been an opprobrious one. 

The study of parasitic phenomena con- 
stitutes a special section of that new and 
at the same time extremely old field of 
ecology. It deals primarily with animal 
and plant associations, with the condi- 
tions and social relations which exist 
among living organisms. There can be 
no question but that it is as old and as 
universal as animal associations them- 
selves. In any community numerous 
plants and animals live together and 
parasitism is an outgrowth of fhis as- 
sociation. Certain individuals find it 
easier, more pleasant and profitable to 
prey upon society than to earn an 
honest living. 

The parasite may be a bacterium, a 
fungus plant or an animal. The bac- 
teria are simple organisms with little 
morphological differentiation, character- 
ized and identified by their metabolic 
or physiological reactions. They are 
primitively saprophytic, securing their 
food by the absorption of nutrient 
fluids, and consequently little modified 
by parasitism. The fungi, while prob- 
ably derived from chlorophyli-bearing 
plants, have secondarily become sapro- 
phytic. Physiologically they are similar 
to the bacteria, and in both the effects 
of metabolism are analytic rather than 
synthetic. In a general way, therefore, 
the characterization of the bacteria may 
be applied to the fungi. The results of 
parasitism observed among the lower 
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plants appear also in the animal king 
dom, but in a more extended and ampli- 
fied degree. It is here that the 
conspicuous changes have occurred as a 
result of parasitism, that the clearest 
and most definite evidence is available 
for the study of parasitism as a bio- 
logical phenomenon, and that the best 
opportunity exists to observe and mea- 
sure its effects. Consequently the pres 


most 


ent discussion is chiefly concerned wit! 
parasitism as it occurs among animals 

For convenience we relate the para- 
sitic forms in groups but frequently 
such groupings are not natural taxo- 


nomic or systematic ones. On the other 
hand they are in most instances eco- 
logical or physiological groups. Th 
ectoparasites, endoparasites, temporary 
or facultative parasites have nothing in 
common except physiological attributes 
and a classification based on these prop- 
erties is obviously an ecological or bio- 
nomic one. 

Parasitism in the animal kingdom is 
an almost universal phenomenon and n 
great group of animals is without its 
parasitic members. While there are rela- 
tively few parasitic vertebrates, aside 
from those belonging to the human spe- 
cies, the same is unfortunately not true 
for the invertebrates. Beginning a sur- 
vey at the top of the invertebrate king- 
dom, a glance at the arthropods will 
show innumerable forms that have 
adopted the parasitic habit. The late 
Sir Arthur Shipley, in his recent paper, 
‘‘Parasitism in Evolution,’’ gives 4 
splendid account of the parasitic insects 
The lice and fleas constitute the subject 
of a large and special branch of ento- 
mology; the mites and ticks are minute 
arachnids without any external signs 
of segmentation; and these forms are 
augmented by enormous additions from 
the Crustacea. Living things from the 
largest elephant to the smallest rosebush 
are infested by the myriad parasites 
which belong to this phylum. Some of 
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the forms, indeed, are hard to recognize, 
since we find such extreme modifications 
in body form that the original character- 
isties are largely lost. Sacculina has be- 
come so modified as a result of para- 
sitism that only a study of its life his- 
tory demonstrated its true crustacean 
nature, and the linguatulids are so 
changed that even to-day there is much 
difference of opinion as to whether they 
are arachnids or polychaete annelids. 
An astounding number of the worms 
are parasitic. Especially is this true 
among the nematode round worms. 
Hardly a species of metazoan animals 
exists which does not harbor some nema- 
tode species. Indicative of their preva- 
lence is the recent volume of several 
hundred pages by Yorke and Maple- 
stone on the nematode parasites of verte- 
brates. While the information is less 
complete, there is abundant evidence 
that the invertebrates are infested no 
less than the forms with a vertebral 
column. The majority of the flat worms 
are parasitic, and two of the classes, the 
trematodes and cestodes, are entirely so. 
These worms infest almost if not every 
species of vertebrates and their larval 
stages are frequently passed in inverte- 
brate hosts. So far as we know all 
digenetic trematodes undergo partheno- 
genetic reproduction in some mollusk, 
while the cestodes frequently use other 
invertebrates as intermediate hosts. 
Turning then to the most primitive 
phylum, the Protozoa, we find that 
every class has parasitic members and 
that one group, the Sporozoa, are en- 
tirely parasitic. It is estimated that 
there are no less than ten genera of 
parasitic sarcodinids, and an even larger 
number of parasitic flagellates; while 
the ciliates, usually regarded as inde- 
pendent, free-living forms, have a dozen 
genera that contain parasitic members. 
The Sporozoa is a group with no genetic 
) entity, but consists of various sarcodinid 
; and flagellate forms that alike have as- 
; 


sumed the parasitic habit and reproduce 
by multiple fission. Actually it com- 
prises a heterogeneous eollection of 


forms of diverse ancestry which repro- 
stage by 


duce at sporulation. 
The Gregarinida and Coccidia sporulate 
at the end of a life cycle, have 
spores and manifest flagellate 
the Neosporidia (Cnidosporidia, 
sporidia and Haplosporidia 
throughout life from endospores and 
have amebic stages. The ‘‘binucleate’’ 
blood-inhabiting Protozoa are apparently 
descended from both (1) uniflagellate 
forms, originally parasitic in the gut of 
invertebrates and (2) heteromastigote 
forms, originally parasitic in the in- 
testine of vertebrates. 


some 


ecto- 
Stages; 
Sarco- 


sporulate 


There are thou- 
sands of parasitic protozoan species de- 
scribed, and probably more as yet un- 
known. 

Every species of animal harbors one 
or more parasitic species and the smaller 
parasites frequently occur in enormous 
numbers. With these data before us 
there can be no escape from the con- 
clusion that there are more parasitic 
than free-living species in nature, and 
more parasites than free-living individ- 
uals. Such a conclusion may at first ap- 
pear startling, but a careful study of 
the subject justifies the statement. 

The next question to consider is why 
and how so many forms have become 
parasitic. There are really only a few 
basic conditions of existence, and as 
Schiller long since pointed out, ‘‘The 
edifice of the world is only sustained 
by the impulses of hunger and love. 
The most powerful animal instincts are 
those concerned with food getting, pro- 
tection and reproduction. All these in- 
stincts are concerned with and involved 
in the development of parasitism. Ani- 
mals must either shift for themselves or 
depend on others. They must have a 
source of food supply, whether they are 
herbivorous, carnivorous or parasitic. 
They may prey on plants or upon each 
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other. Animals in the same habitat 
strive for sustenance, for the means of 
existence. The stronger prey upon the 
weaker and the fittest survive. But 
there is another aspect of the picture. 
Some of the small and physically weak 
are able, for various reasons, to impose 
themselves on the stronger, and these 
cunning, socially clever individuals live 
at the expense of their neighbors. 
Parasitism is a gradual and progres- 
sive adaptation to a dependent condition 
on the part of the animal or species 
which adopts this mode of life. It arises, 
at least in most instances, as a result of 
an attempt to secure either protection or 
food. In the end, the parasite obtains 
both from the host. The adaptation may 
be slight or very extensive. Certain spe- 
cies are temporary parasites, forsaking 
the host after a satisfying meal, while 
others become permanent dwellers near 
or at the source of supply. Other species 
are merely lodgers, deriving nothing 
more than protection from their host, 
with frequent transportation to new 
pastures as the host moves about. Then 
there is the condition of symbiosis, living 
together, either as commensals or mu- 
tualists. In the former case one species 
alone benefits by the association and the 
other receives nothing in return. In the 
latter case both benefit by the arrange- 
ment. It seems the usual trend of 
affairs, however, that when a species 
becomes a lodger, sooner or later it 
begins to attack its host, possibly when 
other food sources become _ scarce. 
Finally, to secure safer and more advan- 
tageous conditions of life, the ectopara- 
site penetrates into the body of the host. 
External parasites can exist only in a 
fluid medium unless they possess a re- 
sistant, impermeable body covering. 
Aquatic animals may have soft-bodied 
ectoparasites, but if they leave the water, 
evaporation will cause these forms to dry 
up and die. To continue themselves, 
such parasites must either develop an 
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impervious covering or enter the flu 
containing organs or tissues within 
body of the host. For this reason 
majority of ectoparasites found on 
restrial hosts are arthropods. In n 
cases the endoparasites have entered t 
host either through the oral or anal 
openings. Once inside the alimentar 
canal or one of its evaginations the para 
site has found a veritable haven 
refuge with a constant and abundan: 
food supply. More often, however, when 
an aquatic animal leaves the water 
























loses its former parasites and acquires 4 
new and different series of these pri 
cious guests. 

The adoption of the 
habit entails certain difficulties 
dangers on the part of the species wh 
assumes it. If the progeny of the par 
site remains in the original host 
continues to multiply there the life 
the host is imperiled. Indeed, as Va 
Beneden long since pointed out, 


endoparasit 


The parasite is he whose profession it 
live at the expense of his neighbor, and w 
only employment consists in taking advantag 
of him, but prudently, so as not to endanger 
his life. He is a pauper who needs hel; 
he should die on the highway, but who p1 
tices the precept—not to kill the fowl in « 
to get the eggs. . . . The beast of prey kills its 
victim in order to feed upon his flesh, the | 
site does not kill; on the contrary, he profit 
by all the advantages enjoyed by the host 
whom he thrusts his presence. 


The destruction of the host would | 
fatal to the parasite in question. | 
order that the parasitic habit may 
successfully continued it is essent 
that the offspring of the parasite shou! 
leave the first host and secure new hosts 
and incidentally this process of finding 
new hosts provides for the distributioc! 
of the species. 

The life history of parasitic forms co! 
stitutes one of the most intricate a! 
interesting subjects in the whole field 0! 
biology. As a rule, the parasite gives 
rise by reproduction to individuals which 
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PARASITISM 


They may be 
sts or eggs or larvae. These are the 
forms which constitute the infective 
stages in the life cycle of the parasite 
and which are concerned in the dispersal 


pass out from the host. 


f the species. In certain instances, they 
reenter the original host 
others, they different 
hich serve as intermediate hosts. In 


species; in 
attack animals 


any event, on leaving the primary host 
they are subjected to all the vicissitudes 
of a free-living existence. They encoun- 
ter enemies and adverse environmental 
conditions. Frequently they are unable 
to take food and consequently must find 
a new host quickly or perish. Inade- 
quately equipped to meet the exigencies 
of an independent existence, they largely 
succumb. The possibility that a par- 
ticular larva will be able to survive and 
find a suitable host is extremely remote. 
Actually, in certain species not more 
than one in a million ever completes the 
life eyele. According to the estimate of 
Cort and his associates in the study of 
hookworm disease, each adult female pro- 
duces on the average 8,830 eggs per day. 
In other nematode species, investigators 
report as many as sixty millions of eggs 
produced by a single worm. The liver 
fluke probably produces an equal num- 
ber. On a conservative estimate, the beef 
tapeworm, J'aenia saginata, produces 150 
millions of eggs per year. In a balanced 
condition of nature, only a sufficient 
number of any species survives to replace 
the losses occasioned by death. Since the 
number of parasites remains relatively 
constant, each individual produces only 
one to sueceed it. Obviously the mor- 
tality among parasitic forms is tremen- 
dous, and it is the hazard of the life 
eyele which introduces such disastrous 
consequences. 

Frequently the dispersal stages of 
parasites are quite unlike their immedi- 
ate progenitors. The Protozoa give rise 
to cysts, the Trematoda to ciliated larvae 
Which resemble paramecia, and the Ces- 


toda to microscopic six-hooked embry: 
The protozoan cysts and 


onchospheres are provided with resistant 


tapeworn 


coverings and remain dormant, awaiting 


conditions favorable for development or 


the chance introduction into a 
host. 
for example, free-living stages 


In other instances, the trs 


interposed. The 
duces a free-living one, which 


parasitic s 


either directly or by reproduction gives 


rise to individuals which infest the 


original host Species or closely related 
A third type of life history may 


be developed whereby the parasite 1S 


forms. 


transferred from one host to the next by 
an intermediate host which acts as a 
carrier or vector. In this instance there 
are no resistant or free-living stages 

The complicated developmental cycles 
which exist to-day among parasitic forms 
can not be the original or primitive life 
histories of these species In the long 
period of evolutionary development there 
have been innumerable changes in the 
relations between hosts and parasites. 
Former hosts have become extinct, and 
certain of their parasites, modified in 
form and life history, have passed on to 
new hosts; the hosts may have become 
parasitic; or serving as food for other 
animals they may have carried their 
parasites into these species, where they 
have become established. Such a history 
has led to alteration of hosts and the 
interpolation of additional - to 
metamorphosis and to peculiar types of 
metagenesis. The complex, intricate 
series of stages found in many life his 
tories afford evidence concerning the 
course of events during past ages and 
the manner by which the parasitic habit 
has developed; but the character of the 
evidence, the complications, additions, 
omissions and reversals render an inter 
pretation exceedingly difficult 

The question of the origin and devel 
opment of parasitic life histories is a 
perplexing one, while the evidence is 
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fragmentary, obscure and sometimes con- 
tradictory. The student of vertebrate 
phylogeny has four sources from which 
deduce the past history of a 
Comparative morphology, em- 


he can 
species. 
bryology, paleontology and geographical 
distribution all contribute data which 
ean be utilized in the determination of 
previous history. The parasitologist, on 
the other hand, unfortunately, has fewer 
and less definite sources of information. 
He deals with forms that have undergone 
adaptive specialization for their particu- 
lar mode of existence, and this adaption 
tends to destroy primitive morphological 
features. Paleontological records are of 
course not available, for with rare excep- 
tions parasites do not hard 
parts that would be preserved in a fos- 
silized condition. Even geographical 
distribution is of slight and questionable 
value since there are various means by 
which parasitic forms spread from one 
locality to another. It is then in the 
study of the life history, and comparison 
between structure of the parasite and 
closely related free-living forms, that 
most of the evidence must be obtained. 
In eases of extreme parasitic adaptation 
such evidence is scanty. Living under 
relatively constant, uniform conditions, 
representatives of different phyla assume 
a superficial resemblance that may mis- 
lead even careful and experienced ob- 
servers. The well-known tendency for 
animals of diverse ancestry to converge 
toward the same morphological type 
after living for a long period in the same 
environment is especially prevalent 
among parasitic forms. The adaptations 
to parasitism accentuate the likeness, and 
if no free-living stages are present in 
the life history it is well-nigh impossible 
to trace the ancestry and evolution of 
highly modified types. Additional com- 
plications arise when parthenogenesis 
and pedogenesis are introduced or inter- 
polated in the life cycle. With sexual 


possess 


maturity of one of the larval stages, the 
primitive adult 


form may disappear 


















entirely, and such elimination of 





ancestral type multiplies the confus 
Frequently it is difficult if not imposs 
to determine whether certain exis' 
forms are primitive or 
While the elucidation of many lif; 
tories is difficult and 
are admittedly tentative, in cases w! 
parasitic have closely r 

free-living relatives, or in which lary 









pedogen 
present opin 
species 


stages have a free-living existence, pos 


tive conclusions may be derived 
reasonable assurance. 


The analysis of a few life hist 


taken from representative groups * 
illustrate these principles. Turning ; 
the simplest organisms, the amebae, \ me 
find several harmless species which liv tes 
in the intestine of various animals 


Morphologically and physiologically t! 
resemble free-living forms. Their veg 


tative stages occur in the intestine, a sick 
encysted stages pass out of the alim tior 
tary tract to be accidentally ingested by son 
other hosts. In nature it must f: rig 
quently happen that encysted stages fj 
free-living amebae are ingested b: thr 


various animals. In the intestine t! ren 


find decomposing organic material, a Cri 
limited supply of oxygen, and other cor ven 
ditions similar to those found in the bot the 
tom of the pond. It is easily possil inte 
for such amebae to spend considerabi sect 
time in this environment. Some of th: juic 
may encyst, and these stages, lacking late 
motility, pass out with the intestinal co! pla 
tent. Such a series of events will giv inte 
us one of the harmless intestinal ameb nse 
as, for example, Endamoeba coli. This ind 
Species acts as a scavenger, creeping in t 
about on the intestinal wall, ingesting to | 
bacteria and intestinal débris. <A fur gist: 
ther stage in the development of th: the 
parasitic habit is manifested by En nse 
amoeba _ histolytica, the pathogen flags 
ameba of man. This species attacks th inse 
wall of the intestine where it frequently dent 
causes extensive ulceration. It feeds on of t 
the cells and red blood corpuscles of th uall: 
host and after penetrating the intestir B sexu 
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the blood 


The amebae are carried by 


mucosa may enter vessels of 
this region. 
ntestinal veins to the liver where they 
yroduce hepatic abseesses, and Kofoid 
has submitted evidence to show that they 
may be earried to other parts of the 
body, giving rise to one type of arthritis 
leformans, and possibly also to Hodg- 
‘in’s disease. 
A similar series of events may explain 
e evolution of the flagellates parasitic 
n the intestine of various vertebrate and 
invertebrate hosts. A further modifica- 
m and more complicated life history 
has developed in the case of the so-called 
binucleate flagellates, transmitted by 
nsects and parasitic in the blood and 
tissues of vertebrates. Probably the 
most important members of this group 
are the trypanosomes, causative agents 
f certain recurrent fevers and sleeping 
sickness in man, and several fatal infee- 
tions in lower animals. It appears rea- 
sonably certain that the trypanosomes 
originally were parasitic in the intestine 
f insects. In their life history there are 
three stages which correspond to the 
genera, Leishmania, Herpetomonas and 
Crithidia, respectively. These three 
genera may be free living, may occur in 
the latex of plants, or be parasitic in the 
intestine of insects. The primitive in- 
sects probably lived on plants or their 
Some of the more plastic flagel- 
lates originally found in water or upon 
plants became accustomed to live in the 
intestine of insects. Later when these 
insects began to feed upon meat juices 
and eventually on blood, the flagellates 
in their intestinal tract gradually came 
to live in a blood medium. Entomolo- 
gists are agreed that the acquisition of 
the sanguivorous habit by blood-sucking 
insects is recent and secondary. The 
flagellates in the alimentary canal of the 
j insect, regurgitated while feeding, acci- 
} dentally were introduced into the blood 
sof the vertebrate and multiplied asex- 
ually there. The insect harbors the 
sexual stages and is properly regarded 
= 2s the primary host. 


juices. 
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The flatworms manifest 


parasitic adaptation Better perhaps 
than any other group in the a 
kingdom, they exhibit a consecut 


series of stages illustrating physiological 
and morphological degeneration together 
with a corresponding increase in com 
plexity of life eyele. The p 


free-living, carnivorous forms It is but 


a step from them to the mon 
trematodes. These latter worms have 
lost their cilia, developed posterior 


organs of attachment and become para 


sitic on the skin and gills of various 


aquatie vertebrates. Their life history 
The hermaphroditie 
which 


is relatively simple. 
worm produces eggs, remain for 


shorter re riod within th 


a longer or 
body of the parent. An embryo, similar 
to the adult, develops in each egg and 
sooner or later escapes to become para 
sitic on the original host species. Thi 
trematodes constitute a sepa 
related to the 
The sexual stages are endo 


digenetie 


’ ’ 
not closely 


rate group, 
Monogenea. 
parasitic, occur in the intestine or body 
cavities of vertebrates, and produce eggs 
each of which contains a minute cili- 
ated embryo known as a miracidium. In 
all cases so far as known, this larva be- 
comes free swimming, enters a mollusk, 
undergoes metamorphosis to form a 
sporocyst, and by a series of partheno- 
genetic generations produces cercariae 
larvae of a very different type. These 
larval forms mollusk 
and directly or indirectly reach the orig 


second leave the 
inal vertebrate host where they become 
sexually mature. The life cyele just 
sketched is typical, although 
much variation in the group. 
Consideration of the life history just 
traced difficult 
problems in biology—the origin, status 
and meaning of the host. 
Did the original 
enter vertebrates and have a life cycle 
without the molluscan host 
by Looss and Mordvilko? 
eated by Leuckart and Sinitzin, did they 
first become parasites of mollusks and 


there is 


raises one of the most 
intermediate 
trematode ancestors 
as believed 


Or as advo- 























ase 
7518) 





later attack vertebrates? Yet more un- 
likely, did they attack vertebrates and 
mollusks simultaneously? Is_ their 
parthenogenetic reproduction in the 
mollusk a secondary and recent interpo- 
lation in the life history, or is the mol- 
lusk the original host—now reduced to 
the position of intermediate host? 
When and where did heterogeny arise? 
Did the mollusk formerly harbor the 
sexual stages of the parasite, or were 
these stages free living? All these ques- 
tions have been discussed by able stu- 
dents of biology, and much difference of 
opinion exists. Even among those au- 
thors who believe that the mollusk was 
the first to be parasitized, and present 
evidence tends to support such a view, 
there is lack of agreement as to whether 
primitively reproduction in the mollusk 
was sexual or parthenogenetic. 

The culminating stage of parasitic 
adaptation in the flatworms is found 


among the ecestodes. Although their 
morphological features indicate their 


relation to the trematodes, they consti- 
tute a much more highly specialized 
group. Typically the cestode, or tape- 
worm, consists of a scolex or adhesive 
organ, a zone of growth, and a series of 
proglottids or segments. In certain 
species one or more of these parts may 
be reduced or missing. At no stage of 
the life history is there any trace of an 
alimentary tract. Single nervous and 
excretory systems entire 
organism, while the muscular and repro- 
ductive systems are serially repeated in 
each segment. According to Leuckart 
the tapeworm is to be regarded as a col- 
ony and each proglottid as an individ- 
ual. Such a view appears extreme, but 
actually it is impossible at the present 
time to determine with certainty which 
was primitively the anterior or posterior 
end. With rare exceptions the sexually 
mature tapeworms occur in the intestine 
of vertebrates. They have no free-living 
stages, the eggs pass out from the ali- 
mentary canal and are ingested by an 


supply the 


THE SCIENTIFIC 








MONTHLY 











intermediate host, either another 
brate or an invertebrate. O 
there is no multiplication in t 
mediate host and accidental reent 
to the original host with food or d; 
completes the life ecyele. In the 
worms of herbivorous mammals no 


( 


, 
I 
l 
I 


mediate host has been discover 
though 
recent work of Joyeux has show: 
in certain species an intermediat: 


presumably one exists 


is unnecessary. Since there are no 
living stages, the interpretation 
tode life histories is exceedingly diff 
The questions which were raise 
cerning the origin of parasitism ar 
evolution of life histories among 
trematodes may appropriately bx 
plied to the cestodes. We can 
conjecture as to whether the o1 
hosts were vertebrates or inverteb: 
and how present life histories hav: 
developed. 

The nematodes 
types of life histories, and a stud) 
parasitic adaptation as it has dev: 
among these forms entails many 
They have no nea1 


manifest diff 


liar problems. 
tives and constitute an 
aberrant group in the animal kingd 
There are a very large number of s 
which are free | 
Many of the parasit 
thy 


isolate d 


cies, some of 
others parasitic. 
species have free-living stages in 
life eyele, and it may be eithe 
larvae or the sexually mature 
that live an independent exist: 
Frequently heterogeny 
parasitic generation alternates w 
free-living one. Keilin has _ rec 
attempted to prove that the free-! 
forms have been derived from par: 
ones and that such a history ex] 
their morphological and biological! 
liarities. Baylis, on the other 
derived the parasitic from the fre 
ing species. The worms are usua 
diecious. Females liberate either 
or larvae. 
through successive molts. 


occurs al 


Some deve! 


Frequently the larvae g 
























mmediately and directly, causing heavy 
nfestation; others require one or more 


ntermediate hosts. Representative 

es of development may well be cited. 
One of the best-known life histories is 
This nematode 


semi-tropical 


that of the hookworm. 

weurs in tropical and 
untries throughout the world. Au- 
orities estimate that over a billion 
eople are parasitized by hookworms. 
is only thirty years since Looss, in 
pt, worked out the life history of the 


pt 


Kat 


rm. His report was received with 
much hesitation—the story seemed too 
wh like a fairy tale—but subsequent 
researches have confirmed his results. 
[he adult worms live in the intestine 
id thousands of eggs are voided daily 
with the feeal material. If conditions 
ire favorable, development proceeds and 
1 a day or two the embryos hatch and 
They molt at the end of 
the second day and three days later are 
ready to molt again, although they may 
live in the loose skin for several weeks. 
\t this stage they are infective, and if 


enter the soil. 


warm-blooded animal touches the soil 
n which they lie, the larvae leave their 
sheaths and bore through the skin and 
tissues until they reach the lymph ves- 
sels or veins. They are then carried by 
the vascular system to the heart and 
thenee to the lungs. In the lungs they 
leave the blood capillaries, enter the air 
sacs, migrate up the bronchioles and 
trachea, pass over the epiglottis, down 
the esophagus, and through the stomach 
to the duodenum where the migration is 
ended. During the period of migration 
there are two additional molts. The 
time required for development from the 
infective stage to sexuaily mature adults 
varies from four to six weeks. In this 


species there is a single host, a free-liv- 
ing stage and no asexual or partheno- 
genetic reproduction. 

Another important species from the 
medical point of view is Filaria ban- 
crofti, which is prevalent in all tropical 
countries. 


Adults live in the deeper 
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lymph vessels and the larvae pass into 


the vascular system These young 


worms swarm in the peripheral blood 
during the night, and mosquitoes act as 
intermediate hosts. After a develop 
mental cycle in the body of the mosquito 


the larvae pass to the salivary glands 


ready to enter a human being wheneve1 
the insect feeds. In Filaria there ar 
two hosts, no free-living stages and no 
asexual or parthenogenetic general . 


A third type of life history is 
in Trichinell: 
tine; the larvae are discharged into the 


1. Adults live in the intes 


blood stream, distributed over the body 
and eventually encyst in the striated 
muscles of the same host 'ransfer to 
a new host occurs when infested muscle 
is eaten. In Trichinella there is a singel 
host, no free-living stage and no asexua 
or parthenogenetic reproduction 

In the three life histories just given 
and in others, notably that of Ascaris, 
nematode larvae make extensive migra 
tions through the body and tissues of 
their hosts. Frequently they pass by 
way of the vascular system. Other gen 


era, for example, Onchocerca and 
Dracunculus, live in the connective tis 
sues and regularly move about. Peri 
odically they come to the surface of the 
body and may be felt in the subeutan 
ous areas. It seems probable that the 
frequent occurrence of such migratory 
habits among distantly related forms is 
of deep phylogenetic significance, al 
though the exact meaning is not at al! 
clear. We have no assurance that 
among the 


ontogeny correspond to those of phy 


nematodes the stages of 


logeny, and more information must br 
available before a final interpretation 
ean be given. 

Study of the life histories found in 
the several forms reviewed emphasizes 
certain common features. In general, 
all endoparasitic species must have 
some means of transfer from one host to 
another and usually it is accomplished 
by free-living, encysted, or other larval 
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stages. There seems to be no morpho- 
logical reason for such migrations; they 
are extremely hazardous, and the phe- 
nomenon is necessarily one associated 
with physiological and life history re- 
quirements of parasitic forms. It is 


possible, as advocated by Moniez, that 


there are rejuvenating effects resulting 
from change of host and life in a differ- 
ent environment. Whatever explanation 
may be advanced to account for the 
development of the complex life his- 
tories of parasitic forms, it is certain 
that the changes have come about grad- 
ually as adaptive responses to new con- 
ditions. For that reason life history 
studies are of prime importance in trac- 
ing past history in any species, and the 
examples cited demonstrate the signifi- 
eance of larval stages in the elucidation 
and interpretation of present develop- 
mental cycles. 

Undoubtedly parasites have existed 
since earliest times, and to a large ex- 
tent the original species or their de- 
scendants have survived. Consequently 
it appears inevitable that parasitic 
forms have changed their character and 
their hosts with the passing of time, and 
these changes are responsible for the 
diversity of life histories now found 
among them. In certain species the sex- 
ual stages probably remain in the orig- 
inal hosts; in others they now occur in 
more recently acquired hosts. In many 
eases the later parasites made their 
appearance or transformation hand in 
hand with the evolution of their hosts. 
The parallel evolution of hosts and 
parasites has been demonstrated by 
many authors. Kellogg’s studies on 
bird lice gave the basis for a natural 
classification of their hosts, and more 
recently Metcalf has traced a similar 
relationship between the amphibians and 
their opalinid parasites. 

As a result of the long period of para- 
sitie adaptation and the modifications of 
life history, characteristic changes have 
been wrought in the structure of the 


parasites themselves. It has long 
recognized that parasites are des 
from free-living forms. Among 
groups, notably the ectoparasites, 
have been only slight physio! 
changes and little structural mod 
tion. Among others, especially 
parasitic types, there have bee 
mous changes in habits, in functio 

in physiological requirements. <A: 
panying and probably resulting 
these changes, the species affected 
been so modified that in certain inst 
they no longer resemble their free 
ancestors. The adoption of the pa 
habit usually results in a progress 
reduction of the structures which 
tion most vigorously in a fre 
existence. The organs which re 
species most alert and active, no 
used, undergo atrophy. Especia 
this true of the sensory and locon 
organs. The parasitic flatworms 
lost their cilia, fleas and lice have 
their wings, the scab mites are wit] 
eyes or organs of respiration, and 
linguatulids are so highly modified t 
they have lost practically all of t) 
primitive characteristics and _ supert 
cially resemble tapeworms. Wit} 
degeneration of the sense organs and t 
muscles, there is a corresponding redu 
tion of the central nervous system. 
parasitic degeneration proceeds, 
after another of the organ systems su 
fers reduction and ultimately d 
pears. Certain groups, of which 
cestodes are a conspicuous example, | 
lost all traces of an alimentary tra 
With such stupendous changes in 
organ systems, there are correspon 
modifications of body form. The : 
and ticks are flattened dorsovent: 
facilitating close adherence to the s 
The fleas are compressed laterally 
more readily slip through the hair. 
ginning with species manifesting su 
slight changes, it is possible to construct 
a parasitic series illustrating progressiv’ 
modification of body form until final 
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final! 
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the original structure is entirely oblit- 
erated. Sacculina is the classic example 
of such extreme degeneration. 

Compensating for the reduction and 
loss of the organs which functioned dur- 
ing free-living existence, parasites have 
developed new structures adapted to 
serve different needs inherent in the 
changed mode of life. One of the first 
requirements is organs for attachment 
to enable the parasites to maintain their 
nosition on or in the body of the host. 
Various types of adhesive appliances 
have been evolved, ranging from the 
sucking disk of Giardia to the powerful 
suckers and hooks of the monogenetic 
trematodes. In almost every group one 
finds some sort of suckers or hooks or 
both. Not infrequently the new organs 
arise through the metamorphosis of 
primitive ones. Among the worms, 
modifications of the body wall at par- 
ticular places have resulted in the 
formation of suckers. The hooks of 
many arthropod parasites are merely 
the vestiges of former appendages. The 
forms which live in closed cavities may 
be without adhesive organs, but in cer- 
tain species at least the absence of such 
structures is regarded as secondary. 

It is uniformly true that the luxuri- 
ous idleness of parasitism—an inactive 
life with abundant nourishment—results 
in a very great over-development of the 
reproductive organs. As the other 
organ systems undergo regression, all 
the results of an active metabolism find 
expression in enormously increased sex- 
ual activity. Trematodes and cestodes 
produce millions of eggs. The culmina- 
tion of this tendency is found among 
those highly specialized forms which 
have lost all save the genital organs and 
have become mere reproductive ma- 
chines. It is the enormous fertility of 
endoparasitic species that has enabled 
them to overcome the disadvantages im- 
posed by their complicated life histories 
and the transfer or alternation of hosts. 
Other factors, it is true, assist in this 


regard. Resistant coverings 

larvae during unfavorable conditions 
and accessory methods of reproduction 
Hermaphroditism and partheno 
genetic multiplication, frequent results 
number of 


arise. 


of parasitism, increase the 


individuals and the probability of sur 


vival. Not only is there hypertrop! 
the reproductive 
species that have become greatly modi- 


organs, but among 


fied as a result of parasitism, frequently 
asexual multiplication occurs between 
the sexual phases. 

The excretory system is less modified 
as a result of parasitism than is any of 
the other organ systems. It functions 
in the elimination of nitrogenous wastes 
of metabolism, and the sum total of 
metabolic activity is not greatly influ- 
enced by parasitic life. Instead of ex- 
pending its strength in locomotion, food 
getting and the other activities of free- 
living forms, the parasite utilizes its 
energy in reproduction. Unless the 
body form is considerably altered, how- 
ever, the excretory system is not appre 
ciably affected. Consequently, since it is 
a primitive, deep-seated and conserva- 
tive system, in many instances it serves 
as one of the best clues to the relation- 
ship of parasites, not only between them 
selves, but also with their free-living 
relatives. 

That parasites have harmful effects 
upon their hosts has long been recog- 
nized. It is almost inconceivable that an 
animal could harbor large numbers of 
parasites without serious and deleterious 
consequences. The best genera! state- 
ment to be found in literature concern- 
ing the influence of parasitism upon the 
host is that of Professor Henry B 
Ward, published in Science, February 
1907. The clear conception of funda 
mental principles there portrayed has 
been demonstrated by the results of the 
last twenty years, while the analysis and 
conclusions stand out in 
stronger relief to-day than when the 


presented 


paper was written. 
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A consideration of the subject will 
show that the effects of parasitism de- 
certain general or primary 
Two of these are the size and 
number of the parasites. Other things 
equal, the larger parasites are likely to 
most pronounced effects, 
although because of the action of com- 
plicating factors, in many instances this 
Usually the larger para- 


pend on 


factors. 


) ? 
produce the 


is not the case. 
sites are found in the larger hosts; 
size, relatively no 


con- 
sequently their 
greater, is of no more significance. 
Ordinarily the single parasite has little 
influence; the large 
numbers multiplies the effect and ren- 
Not infrequently 
several parasitic species may infest the 
same host. As a rule, the smaller para- 
sites occur in the numbers. 
Thus the degree of influence exerted by 
parasites is largely determined by their 
size and number. 

The consumption of nourishment by 
parasites constitutes a third general fac- 
tor concerned in their effects. If abun- 
dantly nourished, the host may not 
suffer great inconvenience due to the 
loss of food material taken by its para- 
sites. It is only when the food supply 
is limited, and just sufficient to maintain 
the life of the host, that the support of 
numbers of parasites becomes a serious 
drain upon vitality. In undernourished 
children the presence of hookworms re- 
tards or arrests development to a serious 
degree. Individuals of twenty years of 
age may have only the physical and men- 
tal development of a child of ten. It is 
a common observation that the presence 
of large numbers of parasites inhibits 
the development of the sexual organs; or 
if the parasites are acquired in later life 
they may so reduce the vitality of the 
host as to induce parasitic castration. 
An interesting sidelight on this subject 
is afforded by observations made in our 
laboratories. When animals are kept 
for a considerable period without food, 
the parasites of their intestinal tracts, 


or no presence of 


ders them dangerous. 


greatest 
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deprived of food material, are al 
maintain life, but their sexual o 
suffer regression and temporarily 
ductive activity is suspended. 
Another primary factor concern 
the effect of parasitism is the locat 
the parasites. No organ is entirely 
from parasitic Par 
may occur in the central nervous sys 


infestation. 


the sensory organs, bones, muscles, 
nective tissue, alimentary tract, | 
liver, heart and vascular system, ey 
tory and reproductive organs. I 
invade an inactive or passive tissuc 
that the effects will be 
dangerous than whe 
some other vital part is 
affected. Certain 
live 


obvious 
much 
brain or 
volved and 
nematodes 


less 


for years in 
connective tissue without any perce] 
ill effect, while 


somes in the cerebro-spinal fluid 


may 
microscopic tr 


duce sleeping sickness and lead to 
results. 

The effects of parasites may be class 
as mechanical and 
though categories overlap 
considerable extent. Naturally, s 
mechanical injury must lead to phy 
logical derangement. For 
purposes, however, the two may b 
sidered separately. 

Mechanical injuries arise through 
obstruction of various 
blocking of the alimentary tract or 
the ducts which lead from glands 
produce serious results; such interru 


physiologica 
these 


deseript 


canals. 


tion of function induces stasis in 
organs, pressure and sometimes « 


rupture of the parts. The presence 
parasites or their products in the bl 
vessels may lead to the formation 
emboli. Such foreign bodies in the 

eulation may interfere with the pr 
action of the valves of the heart or n 
obstruct the smaller capillaries, produ 
ing aneurisms in the brain or other vit 
organs. In other for ex 

ple, filariasis, masses of embryos obstruct 
the lymphatics, resulting t 


instances, 


in sta 











exam- 
struct 


stasis 
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dema, the formation of abnormal lymph 

sinuses, the enlargement of the parts 

and the production of elephantiasis. 
Frequently mechanical obstruction or 


the activity of parasites leads to the 


formation of various types of lesions. 


arasites may feed on the tissues as 
ease of Endamoeba histolytica or 
liver fluke. The destruction of any 
nsiderable amount of tissue would lead 
to diminished function and serious dis- 
banee of physiological activity. The 
rritation resulting from these lesions 
stimulates cell proliferation and not in- 
frequently leads to tumor formation. 
The most serious effects of lesions, and 
especially those produced by the migra- 
tions of parasites through the tissue, are 
due to the introduction of pathogenic 
bacteria. It has long been known that 
the ulcerations of the large intestine 
produced by Endamoeba histolytica 
allow the passage of bacteria into the 
submucosa and the blood stream. A 
common ecmplication is the formation 
of abscesses in the liver, lungs and other 
organs. The frequent passage of worms 
through the wall of the alimentary canal 
permits or induces the entrance of bac- 
teria into the body cavity and sets up 
general peritonitis. Laceration of tissue 
allows the entrance of bacteria into the 
blood stream and may give rise to gen- 
Although there are 
histological changes in host tissues and 
many other results that properly fit in 
this category, obstruction of canals and 
production of lesions constitute the 
principal mechanical effects induced by 
parasites. 

The physiological effects of para- 
sitism, aside from deranged function 
produced by structural lesions, are due 
in large measure to the elaboration of 
substances which have a toxic action on 
the host. Certain of these substances 
consist of the ordinary excretory mate- 
rials elaborated by the parasites as a 
result of their metabolic activity. The 
liberation of large amounts of these 


eral septicemia. 


nitrogenous wastes has a profound efi 


on the physiological adjustment of 
host. Another group of harmful 
stances comprise the specific toxins 
which are produced by particular para- 
sites and cause particular reactions in 
the host. 


trypanosomes \ bstances 


[t t! production by 
gives rise 

and 

principles have been extracted 

bodies of various parasites, 

injected into living organisms 

effects analogous to the Sympton 
actual infestation. Specific toxie su 
stances have been recovered from many\ 
of the parasitic worms, notably Ascaris 
and Diphyllobothrium. The toxins pro 
duced by this latter worm give risé 
progressive and extremely 

type of anemia, often associa 

marked nervous disturbances 
quently there is a combinat 
two types ol substances, 

wastes and specific toxins, 

ficult to determine whether th 

is due to one or the other or bot! Such 
a condition arises at the end of the r 
productive cycle in malaria when the 
red blood corpuscles are ruptured and 
the melanin substance is liberated in the 
blood stream. The material is ordi 
narily believed to be derived from the 
destruction of hemoglobin: although it 
undoubtedly represents both specific 
toxic substances and metabolic wastes. 
An additional eategory of toxie sub- 
stances are those produced by the death 
and disintegration of the parasites, by 
the anaerobic and fermentative decom- 
position of organic material. Not infre- 
quently dead parasites are the most 
dangerous. 
parasites may result in the formation of 


The decomposition of the 


particularly virulent products. 

The presence of these foreign sub- 
stances in the body of the host leads to 
marked changes in the character of the 
blood. Certain of them destroy red 
blood cells; others induce different blood 
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changes. The nature of these substances 
and the method by which they act are 
as yet almost entirely unknown. One of 
the first recognizable effects is an in- 
crease in the number of eosinophile leu- 
eocytes, and the increased number of 
these cells in the blood corresponds with 
the intensity of infestation. Conse- 
quently, eosinophilia may be regarded 
as a diagnostic feature of parasitic 
infestation. 

The substances elaborated by certain 
parasites cause such changes in the 
blood that its ability to coagulate is in- 
hibited. The secretion produced by the 
salivary glands of hookworms prevents 
the coagulation of blood, and hookworm 
lesions in the intestine bleed profusely. 
Serious anemia may be caused by a half 
dozen hookworms, and a common test of 
hookworm infestation is to measure the 
amount of hemoglobin in the fecal mate- 
rial. By this means it is possible to 


estimate closely the number of hook- 


worms in the intestine. 

The factors involved in the degree of 
susceptibility and resistance to animal 
parasitism are as yet only partially 
understood. It is generally appreciated 
that young animals are more susceptible 
to parasitic infestations than adult indi- 
viduals. It has been suggested that the 
older individuals are refractory because 
of resistance developed as a result of 
some previous infestation, possibly 
slight and unnoticed. Careful and con- 
trolled experiments have proved, how- 
ever, that the age factor is of impor- 
tance, irrespective of previous infesta- 
tion. In test cases where prior history 
is known and it is certain that the sub- 
jects have not been previously para- 
sitized, young animals may be infected 
while adults of the same species resist 
infestation. Young animals that are 
susceptible develop increased resistance 
to infestation as they grow older. The 
basis of this reaction is chemical, but we 
have no precise knowledge as to the fac- 
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tors coneerned in the devel 
this resistance. 

It is generally agreed that species 
races which have harbored a given } 
site for a long period of time show 
marked effects as the result of its 
ence than species that previously 
not been subjected to such infestat 
In most instances, however, infestat 
by animal parasites does not give ris 
immune reactions such as usually res 
from bacterial infection. Agglutir 
precipitins and lysins do not develop, 
at least do not become effective for ar 
mal parasites. The immune substai 
developed in response to bacterial inf 
tions render such diseases self-terminat 
ing, whereas a parasitic infestation n 
persist for many years. Ordinaril) 
individual ean be reinfested 
over again. In the case of animal pai 
sites, defense reactions, comparable 
those against bacteria, are not devel 
oped. It is certain that the blood 
modified and that the presence of par 
sites may be detected by serologica 
tests; but the study of defense and 
munity phenomena has not progress 
so far in the case of animal parasites as 
in that of bacteria, and the field of ser 
logical investigation is one of the most 
promising for future work in pi 
sitology. 

Parasitology is not, as has sometimes 
been supposed, a narrow or high) 
specialized field of study. It is, on th 
contrary, as wide and general as biolog) 
itself. The student of animal parasit: 
ogy with every phylum fron 
mammals. No one « 


over 


deals 
protozoans to 
undertake an extensive study of 
group, either animal or plant, without 
sooner or later encountering parasit: 
and their effects. A consideration 
parasitism, therefore, properly ent 
every field of biological inquiry whethe: 
the study concerns morphology, life ! 
tory, physiology, ecology, patholog, 
genetics or evolution. 
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THE AWKWARD CONSISTENCY OF SCIENCE 


By Professor JOHN A. ELDRIDGE 


DEPARTMENT OF PHYSICS, THI 


COMMON sense is the mother of Science. 
When the first philosophers ventured 
into a more exact inquiring into natural 
law than was necessary for mere exis- 
tence, Science was born. Young Science 
discovered many things, none of them 
exactly true, usually things compatible 
with common sense. As Science became 
older, its laws became firmer and truer 
and stranger. 

But even when learning its first fal- 
tering steps this infant, nursed by the 
philosophers, seemed a daring child 
Not always were its theories the out- 
growth of general knowledge. Some- 
times they were the product of un- 
bridled imagination. Such over-am- 
bitious attempts to read the riddle of 
nature usually ended in fallacy. Many 
of the results of the earliest scientific 
speculations are buried in now forgotten 
mythologies; in later times the more 
daring adventurers in scientific thought 
conceived of astrology and alchemy and 
spiral cosmoses. The earliest adventures 
in extrapolation were unhappy. 

But as Science has grown older and 
tried its laws have become more rigid 
and trustworthy, and it now ventures 
with much assurance into valuable ex- 
trapolations from the known into the 
unknown. As the scientific law has 
become reasonably sure the scientist 
bases his whole faith in it, and by 
consistent reasoning ventures into new 
theories of which common sense can 
never dream. Common sense is apt to 
classify things in a subjective manner. 
The fundamental concepts of common 
sense are things important to ourselves, 
such as three meals a day, the number 
of miles to a gallon and the price of soap ; 
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very important things to know about if 
we are to live happily. Science classifi 


objectively ; the fuel value o gasoline 


and the affinity of molecules and the laws 


of electronic attraction are considered 
together as related concepts. Common 
sense teaches us that the sun rises once 
a day; science teaches us that the earth 
goes about the sun attracted to it DY 
that same law by which the sun is (to a 
very unimportant extent) attracted to 
other suns. Common sense sees only the 
important; science recognizes only the 
consistent. The irresistible consistency 
of science often leads to concepts of na 
ture from which our common sense 
revolts. 

Common sense told our forefathers 
that the earth was flat, as of course for 
practical purposes it was; a slight change 
in the position of a star told the scientist 
that it was round, and Columbus dis- 
covered America. We all know that 
bodies fall down to the earth: Newton, 
treading the path of consistency, main- 
tained that the earth also fell up to the 
body, and he explained the solar system 
Common sense tells us that now is now 
whether we are moving or whether we 
are at rest; Einstein inquired as to the 
meaning of now and discovered rela 
tivity. 
straight extension either of time or of 


Common sense tells us that a 


space never retraces its path; the scien 
tist is not so sure, and follows out his 
argument with a consistency which 
would be very awkward for common 
sense were common sense not fortified as 
always by its sublime consciousness of 
being right. 

But let me illustrate by a simple ex- 
ample the fanatical consistency with 
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which the scientist follows his law. A 
reasonably sure law is Hooke’s law of 
elasticity. If we have a metal bar and 
pull it, the harder we pull it the more it 
will stretch; bending it, the more the 
bending force the more it will bend. 
Good science and good common sense. 
If we have a steel railroad rail between 
two ties, the rail will undoubtedly bend 
as the train passes over it; with half the 
load the bend will be half as much; if 
we push it but gently with the hand it 
will bend, little, it is true, but still bend. 
[ere common sense begins to hedge, but 
it is true. Such delicate 
has science given us that even the slight 
touch of the hand produces an effect 
which is easily observed. Similarly, if a 
fly alights on the rail, it will bend. True 
the fly has but a billionth the weight of 
the car wheel and now the rail will bend 
but a billionth as much, but still it will 
bend. We do not really believe it but if 
one fly will not bend it, neither will two 
or three, nor can a train bend it. The 
difference is only between the important 
and unimportant. This illustrates what 
[ mean by the awkward consistency of 
forces 


instruments 


science; common sense neglects 
when too small to be important; science 
ean only understand the larger force by 
remembering the smaller. The old sooth- 
sayer who first conceived of the straw 
which broke the camel’s back had this 
consistency of the scientist. 

The most famous propounder of awk- 
ward questions was Socrates, and indeed 
the difference in the point of view of 
the scientific observer of nature and the 
common user of nature is just the dif- 
ference between Socrates with his an- 
noying questions and the Athenian fish 
merchant with his edible merchandise. 
We may let a very modern Socrates be 
the spokesman for science and the fish 
merchant uphold common sense in a 
Socratic dialogue. 


Socrates accosts his fellow citizen: I 
would a word with thee. 


Fish Merchant: What do you thi 
fish to-day ? 

Socrates: Have you heard the lat 
word from the laboratory, that a fis 
only a wave in space? 

The fish merchant illustrates the 1 
theory by continuing t 
his cries, Fish! Fish! Fish! But 8 
tes, being Socrates and utterly devoid 


L 
p> |i 


| spac 


common sense, collars the fellow and t 
following dialogue ensues. 

S. So you think a fish is only a 
so as we look about we see many 
which seem very simple. Before us 
have a fish; it is an object and you k 
just where it is. Here fish, there no | 
It has its place in space where no ot 
fish can be, it has weight and ine! 
and you 
located. You think that no one b 
foolish would cast d 
upon your knowledge of the existe 
of that fish. But the scientist, wh 
much better loved to-day than the | 
losopher, loves consistency no less 


know just where these 


philosopher 


he and the scientist is indeed very n 
worried about just this question. 

Now the fish merchant had spent 
of his days in fishing and rather 
sented the knowledge wi 
Soerates assumed to have in regard 
the subject. When he had remarked 
much, Socrates replied: Well said! | 
us look then to a more neutral sub) 
Fish are but little favored in philosop! 
Consider 


superior 


or scientific demonstrations. 
billiard ball on a table. I can sp 
its position very well by its center a 
so we will say that the ball is there 
the ball be gently pushed this center w 
change its position, going faster 
faster. Were we to compare steel ba 
iron balls and cork balls we should fi 


that some balls gained speed more slow! 


than others; we say that they have n 
inertia or mass. This mass is just 
number which we give to the ball to 


dicate the difficulty of moving its cente! 


we need not worry for the moment ab 
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kno 


lowly 
more 
ist a 
oO in- 


nter ; 
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it belongs to the ball just 


where it is; 
as your bank account belongs to you. 
F. M. Now wait a bit, old man. That 
billiard ball isn’t located at a mathe- 
matical point but is a real object, a 


) 


sphere about an inch in radius. And its 
mass is located where it is. 

S. Iam willing to agree. It has more 
reality than an imaginary point near the 
table. It is an object and extends about 
an inch in every direction from the 
center of gravity. But how do you 
know? 

F. M. I ean feel it, I can handle it. 
Indeed so long as my finger is several 
inches away from your mathematical 
point the ball does in no way affect my 
finger; but let me come approximately 
an inch from it and the ball pushes 
back. Or if two similar balls were on 
the table those centers could never ap- 
proach nearer than two inches. I say 
the ball is wherever it can affect other 
bodies. 

S. Spoken like a philosopher and a sci- 
entist! A great philosopher once put 
forth as his only dictum ‘‘Cogito ergo 
I like your definition of exis- 
tence better. ‘‘Factt ergo est.’’ It acts 
therefore it is. Your ball is wherever 
it acts. Where it exerts a force there 
it is. Or perhaps you would rather test 
it by sight; where it looks to be there 
it is. 

F. M. No; let’s leave the sight out of 
it. I know about your optical illusions. 
Feeling’s believing. 

S. Excellent ; we can always tell where 
an object is by the fact that it exerts a 
force upon another body if it attempts 
to occupy that position. So much for 
common sense, now for logical consis- 
tency. Let us talk of lighter objects. 
What of water? 

F. M. An object, but a stranger one. 
It does not keep the same shape. It will 
part and let my hand enter it and yet 
we can tell where it is by the same test. 
At some places my hand is not affected 
and at others my hand is pushed back. 
Wherever it acts there it is. 


sum.’’ 
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S. Excellent. And air? Is al 


thing real or not? 


F’. M. A yet stranger object, but it is 
real. 

S. Yes indeed The test becomes more 
difficult. 


The ancients were not so sure 
of the materiality of a gas, hence the 
name gas or geist or ghost or spirit. Y« 
the presence of a gas is after all quite 
apparent—a rapid sweep of the arn 
meets resistance ; a strong wind impresses 
us with the reality of this object. The 
mass 1s smaller, the object beats an easier 
retreat as we approach; yet it is very 
real, 

But now, O worthy fish merchant 
suppose | rub those billiard balls wit! 
a bit of wool; the balls now are elee 
trically charged and the two similarly 
charged balls repel one another though 
their centers are many inches apart 

F. M. Yes, I have heard of this ae- 
tion at a distance and it has puzzled me 
greatly. 
another at a great distance from itself? 

S. How, indeed? You tell me that a 
thing is wherever it acts and now you 


How can a ball exert a force on 


' 


ask me how it can act where it is not! 
This is not a mystery of nature but a 
mystery of logic. Will you no longer 
cling to your meaning of existence? Ubi 
facit, 1bi est. Where it acts there it is 

Oh the inconsistency of common sense! 
The ball pushes back on another ball; 
where it pushes there it is. The charged 
ball pushes back on another ball, but 
now it pushes where it is not. How 
Strong must be the force before you be 
lieve in the reality of the object? 

F’. M. This is not the kind of push | 
meant. This electrical pushability of 
charged bodies extends in lessening dé 
gree everywhere; it is not the kind of 
force I meant. The existence of an ob 
ject is betrayed by a suddenness of push 
when we touch it, which is very unlike 
this electrical force. Two inches away, 
an inch and a half, an inch and a hun- 
dredth, however little more than an inch 
away from the unchanged ball we are, 
there is no effect whatever: at an inch 
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This 
is the space-oceupying property which 
betrays the position of mass. That other 
kind of push is only the electrical field 


distance the push suddenly begins. 


which we all know acts at a distance. 
The electrical field is too gentle, comes 
in too gradually, is too easily penetrable, 
to be a body; a material body always 
has a definite edge, at least always except 
in the ease of gases. 

S. An argument for the 
You know where a body is, therefore it 
can not be somewhere else, least of all 
throughout all space! Well let it go for 
the moment. Now let me speak of some- 
thing else of which I know more than 
you. All things, even fish, consist of 
molecules, atoms and finally of electrons 
and protons. Let us consider the least 
massive of all these, the electrons. An 
electron has mass; if it strikes a molecule 
or atom or other electron, it will push 
it back as a fast-moving ball does an- 
other ball. But these electrons are pure 
charge ; they are like the charged billiard 
ball without the ball. They repel one 
another at great distances. The closer 
they come the greater the repulsion and 
this is all there is to it. Where are these 
electron objects? I should say, wherever 
they act. I should say that they extend 
in very unimportant intensity to the 
greatest distances in space. This is the 
awkward consistency of science. 

But you do not want to consider this 
electrical force as locating the object. 
This is common You want the 
electron to be where it ‘‘really is,’’ not 
everywhere all over space where it isn’t 
but happens to act. I do not under- 
stand. If this electrical repulsion is not 
a symbol of a real object to you we must 
agree that in your sense the electron is 
not an object because so far as we know 
this is the only force it can exert. 

As with the electron, the elementary 
negative charge, so with the proton, its 
positive conjugate. And all atoms are 
made up of electrons and protons and 
all bodies are made up of atoms. 


Sophists! 


sense. 
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If a ball pushes back on your 

it is because the « 

protons in ball hand 
Here as truly as in charg 


when you touch it, 





trons or and 
repelling. 


bodies the forces act at a distance, « 


the distances are very small, about 
billionth of an inch. Beyond this 
forces still exist, but they are reall, 
small to be important. I am afraid 


you do not accept these electrical fo 
as a symbol of the existence of an ob 
that no object will for you ever exist 
What a dilemma! You don’t be 
that the thing you call ball extends, ey 
in the slightest degree, everywhere. Yet 
where will you stop and say this m 
foree makes an object; less than this 
Oh the awkward consiste1 


) 


nothing ! 
of science which insists on sticking to 
definition ! 

At that the fish merchant winked 
proceeded: It sounds philosophical |} 
of course you and I both know it is: 
so. We know that these balls are right 
there where they are. 

S. In the important sense you 


right. Most of the mass of the bal! 
right there very close to the electron ar 
proton centers. The scientist sees 
mass as electromagnetic and _ located 
about the charge centers, but even 


the case of the charged ball where th 
electrical field extends to great dista1 
the amount of mass in this external fi 
is out of all proportion small in cor 
parison to that between the multit 
nous charges in the one-inch 
You certainly catch the most important 
part of the fish in your net. So 
have the fish but I have the logic 

The fish merchant smiled a super! 
smile as though contented with this div 
sion and Socrates continued: 

I see that you regard me as a ho] 
less philosopher arguing about the « 
tence of nothing. You think my tenu 
all-pervading mass is of no consequent 
But indeed without it all things are n 
Let me mention another object which }s 
equally tenuous, yet so important t! 


sphe 
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in not have escaped your observation. 
fer to light. Tell 
an by a material body. 


me again what you 


F. M. It is something which exerts a 
force when it is stopped; you can feel it 
when you punch it. 

S. And so 


it is true. 


light. It has little 
Indeed so little that as 
[| hold my hand out stopping the sun- 
ight, I not feel the 

is there. Perhaps you have seen in 
the jewelers’ windows the radiometer, 


with 


can - but 


pressure ; 


, device with vanes which rotate when 


the sun shines upon it. The action is 
omplicated, but if all the air be re- 
from and it be 
mounted more delicately it ean be shown 
that light falling upon it 
pressure, as does a ball striking a bat. 


moved such a device 


produces a 


If this is your test of materiality, and 
| believe it is the best possible one, light 
has mass. Very little, it is true, and yet 
some. All the light striking upon Greece 
during a minute of a summer day has a 
mass of about one ounce. It 
fast that the total pressure it produces 
about a quarter of a 
continually 
mass—millions of tons second—as 
t gives off light. Because of this light 
pressure, the tails of comets are seen to 
be pushed always away from the sun. 
Yes indeed, light does produce a push 


comes so 


is considerable 


ton. The sun is losing 


per 


when it is stopped, and so it is material. 
Of course this pressure is too little to be 
felt by the hand and so all this is con- 
trary to common These things 
seem unimportant; as to what its funda- 
mental significance is in the building up 
of universes you must ask the astron- 


sense. 


omer and perhaps lhe 
nothing is more important 
F. M. That 


is certainly not materi: 


may be 


where we 


Indeed, it fills all space 
And if 
why should it not fall back to the sun by 


there is nothing it be something 
gravitational attraction like everyt! 
else? 

S. It does fall back but not very n uch 
loses Some or its 


As it leaves the sun it 
But so great 


speed. is its speed that 11 
has no difficulty in getting away ix 
periments several years ago to test the 
theory of relativ ity showed that starlight 
in spite of its high speed, was bent by 


Again 


following consistency 


traction as it went by the sun 
and again science 
faithfully reaches results which are con 
trary to common sense. 

Were there time. I eould tell you about 
the conservation of how the 


mass, mov 


ing electron grows heavier as it 
out of the field 
move, how stopping it gives off light and 
I could tell you of some ot 
the mysterious motions of this mass field 
in the atoms. 
ence makes a 
wave motions in space 

F. M. Well. goodbye Mr. Socrates. 
and it has been interesting; 


tole 
Anes 
1 


mass makes 


*i 


which 
loses mass. 


| could tel] you how Se 


consistent cosmos out ol 


but just as 
between your mass and mine, yours may 
be as flighty as you wish but mine is all 
here. 


With that the fishmonger went down 
the street and the 
modern Socrates went back to his prob- 


selling his wares, 
lem of making artificial light more eco 


nomiecally. 


uence 
e not 
ich 1s 
t that 





THE SPOOR OF A THUNDERBOLT 


By Dr. STERLING B. TALMAGE 


ANT PROFESSOR 


ASSIST 


Most normal American males have 


experienced in some degree the thrill of 
following a trail through the wilderness. 
The boy scout has as a specific assign- 


ment tracing the course of a companion 
wearing ‘‘tracking irons.’’ The trailing 
of small game through the snow is an 
annual delight to the country lad. Fol- 
lowing the spoor of big game is some- 
thing most of us read about enviously, 
though few of us are able to do it. But 
it is a rare opportunity that permits a 
man to follow through the forest the 
trail of a flash of lightning for a distance 
of eighty-five feet, over rocks, sod and 
soil, through underbrush and dead tim- 
ber, from near the top of a hill to the 
shore of the lake at its base. 

Such an opportunity was unexpectedly 
encountered by a party of Northwestern 
University geologists, under the leader- 
ship of Professor U. S. Grant, while in 
their summer camp on Kekequabie Lake 
in northern Minnesota. The region is 
one of numerous lakes, separated by low 
hills, some of which, however, are steep 
and rugged. These hills were formerly 
clothed with a dense growth of pines, 
but forest fires have killed the big tim- 
ber; at present the hills have a thin soil 
cover that supports a rather dense un- 
dergrowth. The remnants of the older 
forest consist of charred stumps, fallen 
logs and a relatively few standing trunks, 
now dead, twisted and bare of bark, some 
of them projecting as much as fifty feet 
above the undergrowth. 

An island in Kekequabie Lake escaped 
the later fires, and on this wooded island 
the party camped. The hillside to the 
north of the lake is as described above; 
it was of particular interest to the geolo- 
gists because the deforestation had re- 
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sulted in several splendid rock ex 
which under conditions 
probably have been buried by s 


vegetable mold. 
A dead tree standing near t! 


forest 


the hill was the ‘‘lightning rod’”’ t 
the electric discharge from th: 
the ground. Unfortunately, the 
ning was not seen to strike, but 
ean be fixed within forty-eight 
On a Tuesday two members of th 
had found some interesting 
exposures on the hillside, and had 


el 


very 


a prominent dead tree to serve 
landmark. On Wednesday and 1 
day the whole party was working 
west end of the lake, and both thes« 
were marked by intermittent thu 
storms. On Friday the entire 
went to the north side of the lake 
serve the features noted on Tuesday 
were puzzled by the absence of th 
mark; it was found that the tal 
tree had been completely wrecked 
lightning stroke on one of the pre 
two days. 

The accompanying photograph s 
the shattered stump and the fallen tr 
beside it. The ground was 
from the base of this stump down n 
to the lake shore, but much of thé 
of disturbance was obscured by ui 
brush that it could not be 
graphed. Therefore the accompa! 
sketch has been prepared, based 
photographs and measurements, 
drawn to show the features 
which the course of the lightning « 
be traced, without including + 
securing underbrush. 

The tree that was first 
shattered near the bottom as thoug! 
an explosive. The standing stump, ! 


dist ir} 


SO 


SO as 


} 


struck 
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feet high, was split and riven to the core, logs, lying ac ts cours 


but with pieces six feet or more in length the extension of the furrow 


fl ring outward from the middle, but not had been freshly arred 


completely broken away. <A portion of For six feet 


is tree some thirty feet in length lav rock showed 
prone on the hill alongside the shattered turbanes 


stump; this fallen log was badly searred These small roel 


and split, though not so completely been moved from six to 


shattered as was the standing stump of then piaces formed the sor 


On the ground nearby lay numerous’ broken upper surface of a bedro 
fragments of newly split wood, and such posure that extended about twent 
perfectly fresh chips could be found in down the hill and much farthe 
| minishing numbers to a distance ot that along the hillside At the lowe) 
nearly a hundred feet in all directions of the line of broken sma 

From the base of this stump and ex- large block, measuring two b 


tending for sixteen feet direct] 


+ 


v down five teet In greates aime 


hill, was a freshly turned furrow, weighing somet 
out the size that would be made by a moved bodily 


17 } 


standard plow; a small pine tree about to the sout! 


Six Teet high had stood at the edge ol this block was thc 


Ss furrow, and had he n halt uprooted br ak, 
completely overturned to the west tapered dow) 


the lower end of this furrow were two over the bedrock 
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WEST 


CAMPED; 


VIEW LOOKING 


SHOWING ISLAND ON WHICH PARTY 


RIGHT OF TH at 


rURE, WAS 


The upper surface of this moved block 
showed no trace of the lightning effect, 
but from under the lower edge there 
were two lines of disturbance ; 


the moved 


about six 
feet southeast of the edge of 
block the bedrock disappeared under a 

thick 
knitted 


covering of soil, which a 


thin 
erowth ot 
into a compact sod, resting directly upon 


moss had 


grass and 
the rock. This sod carpet, still showing 
fresh on the under side, had been folded 
back over an area measuring three by 
five feet, much as a rug might be folded 
double by pulling back the corner; this 
folded-back sod marked the end of the 
trail in this direction. 

The main trail of the lightning went 
from under the edge ot the 
directly downhill, where for a distance 
of eight feet the bed- 
rock was chipped and flaked, exposing 


moved bloek 


surface of the 


ACROSS 


LAKE 


\K} 
LAL, 


KEKEQUABI( 


NORTH SHORI 


patches of fresh rock that m 


marked contrast with the weathered 


moss-grown rock surface In the 


soil farther down the hill was an 


and but s 


that bee 


furrow, perfectly fresh 


smaller than the furrow 


the base of the stump farther up the 
This 


feet southeasterly to the base of a s! 


lower furrow ran for about 


pine tree, which was overturned 


east: the furrow continued = dir 


down the hill (nearly south) to th 
of a fitteen-foot cliff that stood abov 
marsh at the edge of the lake. 

was a dead tree 


this tree had 


In this marsh 


eighteen feet long: 
back against the cliff, a rocky projes 
of which had caught the tree about 
feet below its top. From the lowe 
of the lower furrow, deseribed in the 


paragraph, to the point where this 
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against the cliff was a line of where tl 
broken and chipped bedrock appeared 
similar to that seen on the rock The root 
The tree was searred spira ly in apparently 
ng manner; from the point where = ward 
ched the cliff the lightning had evi- was finally 
followed the Yrainh, and 1 «This rock, wood 
s of tree the grain is much twisted elghty-five 
nd ot freshly scarred wood passed tered stump 


times around the tree in the si! On first obser, 


eet that lay bye ow 1TS resting ° ances on thre lowe) 


two feet above the point ot found diffieulty 
the cliff was not searred at all The due t the sar 
trast between this white scarred sun the tree above 
and the vray weatlhe red Suriace ol whol eourse, 
e wood was so marked as give the mained 
ee something of the striped appearance new 
1 barber's pole power ma 
fhe grain that was so searred was in~ and witha 
ne with one of the larger roots that re **thunderbolt 


ned buried in the hog At the point tioned as good 











. 





VIEW LOOKING NORTH ACROSS KEKEQUABI 
WING ISLAND ON WHICH PA CAMPED, ANI] 


SHORE ON WI WAS FOUND 
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PHOTO OF TREE THAT WAS STRUCK BY LIGHTNING 


NORTH SHORE OF KEKEQUABIC LAKE; THE PATH OF THE LIGHTNING STROKI 


THE GROUND SHOWN IN THIS VIEW, AND MOVED THE ROCK BLOCK, SHO 


4 DISTANCE OF 


of lightning that strikes the ground, is a 
relic of the time before Franklin an- 
nounced that lightning and electricity 
were the same thing, when ‘‘the notion 


prevailed that a solid heated mass passed 
along the lightning flash and buried 
itself in the ground.’’ (Standard Dic- 
tionary.) The term ‘‘bolt’’ as used in 
those days did not have its present ac- 


ceptation; but rather signified an arrow 
or projectile; in to-day’s language 
**thunderbullet’’ would better express 
the original meaning. 

If some philosopher of Franklin’s 
time, before the performing of the 
famous kite experiment, could have been 
transported to the north shore of Keke- 
quabie Lake to see what the writer has 
described, he might have speculated at 
length on the character of the thunder- 


FOUR INCHES. 


projectile. Was it like a great ax 
tree at the top suggested? Was 
plow, to turn up furrows that w 
straight and deep? Was it like a 
or lever, to pry a ton block ot rock 
from its place? Was it like a chisé 
chip and flake the bare rock surt 
Or was it like a roughing plane, t 
low the grain around the tree 
bottom of the hill? Certainly, it 
as though something solid had 
through and torn things up; it is s 
wonder that it took a long time 
to reeognize the relationship bet 
lightning and the galvanie batter 
The observer of to-day, used 
tricity as a commonplace facto 
daily life, is also led to specu 
along a different line; he asks 


could the passage of the electric « 
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we such effects, and whi should the 


nt tollow that line, instead ot being 


ded at the base of the upper tre 


following explanation seems both 
e and satisfying. 

ectricity is known to pass along the 
A 
re or a tree that is struck is a better 
than Dry 


earth conductors; 


f least resistance. lightning rod, 


juctor is the air. wood 


dry are 


poor 


st wood and moist earth are better. 


na consequent! when a conductor 


ISN 


erounded further effects 
generally visible. 
The hill north Lake, 


nowever, is composed ol solid rock, ex 


onet ho 


are 


ot Kekequabic 
cept for a thin soil cover over part of it; 
this soll cover, moistened by the recent 
rains and partly dried at the surface by 
the intermittent summer sunshine, would 
furnish an interrupted laver of moist 
a 
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earth on thy 
by 


would 


bedrock 


unusua 


COLLTNG 
characte ! 


about 


Aga 


| 
ite 
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In the explanation 


SCCTOS 


vleal. Moist wood Or MnOIs 


conduet that 


be 
Ih Comparison, 
Whenever 
conductor 
the 


the best 


must 


ors 


still ranked as poor cond 


lor instance, with met 


electricity throug! 


passes 


it generates heat, 


| 


Cond 


and the 


S 


uctor the greater the 


poorer 
heat 
tain 


passage Ot a cel 


the 
The 


na 


generated by 


current. veneration Ol] 


con 


siderable heat 1 moist medium would 


naturally transform that moisture into 


: 








ROCK BLOCK 
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steam, and the expanding steam would that the case described was not 
seem to account for the exploded appear- Other furrows, somewhat 

ance already mentioned. The tree first} rainwash and vegetable growt 
struck, dried at the top by the suns o found; other trees were found s 
many summers, would naturally show and other rock blocks moved 
greater explosive effect at the bottom, In none of these, however, wi 
where it was partly shaded by the un denees as fresh as 1n 

derbrush; the moisture at the bottom ot It seems improbal 

the soil, i Ing the current downhill. will be followed 

would genera a steam pressure up- other trees, st 
ward, apparently quite adequate to litt) draw the chi 
forcibly a foot or two of soil and produe similar eonditions 
furrows; the expansion of moistu where the immed 
the preexisting cracks would move tl lightning chara 
ton block easily enough: the tea occurrences of 
venerated beneath the sod would blow quite effective 


back the sod carpet as surely as steam rock suriace 


blew off the d of James Watt's kettle new soil covel 


when the spout was plugged; the mols the cveolo@iea 


oO 

ture in surficial cracks would blow off more important 

the chips and produc the flaked sm been considered 

races on the exposed hedrock, ali ! The schoolboy, Wl 

moisture following the twisted grain of seems to have spoken m¢ 

the lower tree would have no difficult, knew when he s 

in blowine off the weathered surtae lightning never strike 

when vaporized suddenly. same place is because 
When this explanation suggested itself, ning hits it, it is } 


further search of the hillside indicated again.”’ 
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AWARD OF THE NOBEL PRIZES IN CHEMISTRY 


E fruits of research to-day are diffi rickets Was 


ol award No longer aloes the Betwee 1919 


retire to cell or laborator 
tarv labor and later 
making dl scover’ 
( ommunication 
1 and even workers 
~ Keep closely l 
‘’s problems and 
cooperat 
The Nobel chem 
1928 are examples 
difficult, 
rt and recognit 
merits of other 
same field 
tremendous 
n scientists toward 
iblem of rie] 
ntion, 1t Game a i urpr vhen 
Stockholm announced li the Nobel 
rize in chemistry for 1928 was awarded 
Protessor Adolph Windaus, of Got 
gen University, for explanation of 1 
he provitamin§ (ergosterol 


‘ . 
Ing Vita 


becomes rickets-prevel 
n D when irradiated wit! 
Some, misunderstanding 
sented it as a reflection on the work o 
Hess, Steenbock, Howland and others ip 
Ss country or as ignoring » work of 
Rosenheim. Webster and Barger in Ei 
0 ind 
‘he 1927 award to Professor Heinric] 
Wieland, of Munich, for his work on bile 
ds and the origin of cholesterol was veloped excep 
recognized as a logical tribute to specific Now we come 
ork in a given field, but some have problem. Twi 
Zzied as to why the accounts linked had bee 
se two names, Wieland and Windaus, © sterol 
gether as having relation to vitami) knew bette 
studies. properties 
In 1919. Mellanby, of England. set yo rplexit 


th the hypothesis that the cause of knowledg 
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OF THE UNIVERSITY OF GOTTINGEN 
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PROFESSOR HEINRICH WIELAND 


OF THE UNIVERSITY \ 
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m the English workers brought 
ergot product for interpretation 
master in the sterol field demurred 
st Iie was interested in sterols 
Vitamins After some tim spent 
rsuasion he turned his « perience to 
we owe to him definite proof 
the ergot sterol is a definite chen 
entitv, aS separate Trom all other 
ounds as Is salt We owe to ] 
suggestions that led to tests on 


; 


tvpes and their elimination 

ntial precursors Of vitamin 1) 

ate knowledge of sterol chemistry 
s become a means to further researe] 
cl may explain W hat exactly happ ns 


reosterol when thre violet 


has bee NH 
plaving in a given contest. 


’ of the winning combination Ilis 


ion casts no dishonor on his team 


PRESENTATION OF A PORTRAIT OF DR. GEORGE ELLERY HALE TO THI 
NATIONAL ACADEMY 


Ar the annual meeting of the Nationa 
Lead mi of Sciences in 1927 Dr. W I 
Welch presented the following resolu 


n, which was adopted, and Dr. A. A 


Noyes was appointed chairman 
| 


mmittee to 
matter of funds and tl 


the portrait: 
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DR. GEORGE ELLERY HALE 


)M THE PAINTING BY SeEyMovuR THOMA 
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w the committee secured the funds 
portrait and how the were par 
rly fortunate in securing Seymour 
as, the portrait painter, who was at 
me residing in Pasadena, to consent 
aint the portrait in Dr. Hale’s 
atory. The curtains on the speak 
platform were then drawn aside 
nortrait was before the aead mi 
eptance, 
e following communication 


Hale was read: 


THE “DANA” EXPEDITION 

Tue Dana, the research vessel of the West Indies and o1 
Danish government, has embarked on a Canal into the Pae 
two-year voyage, primarily to study the Fiji Islands and New 
natural history of the eel Within the to New Zealand and East: 
last twenty-three years Denmark has Two months were spent 
sent out five such expeditions. The itin east of Australia, and the vessel 
eraries were planned largely with a view proceeding northward to Japan 
to unravelling the habits of this apodal China. Later the Malay Arel 
fish which had puzzled specialists in the will be visited (Duteh Indies 
field of ichthvology. ete.), and investigations w 

The vessel has been provided by the made in the Indian Ocean 
Danish government. but the costs are de from Java to Madagascar 
frayed primarily by the Carlsberg Foun-  gasear the course w 


dation at Copenhagen. Among those on Coast of Africa, 


the scientific staff are Drs. Johannes’ Sea and the Mediterr: 

Schmidt, who has long devoted himself tion is expected to terminat 
to the study of the natural history of the spring of 1930. The Dana is 
eel, Th. Mortensen, Ove Paulsen and with the most modern apparat 





J N Nielson. various Torms of deep 


he projected cruise ot the Dana IS vations, together \\ 


ned on the accompanying map. struments for | 
vessel went first to Spain and the trons Througho 


iterranean: then via Madeira to the ings will be tak 
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ALEXANDER A. MAXIMOW 


Sr. Pi I IUR ND FROM 1922 UN 
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THE GOVERNMENT RESEARCH SHIP 


machine. The vessel is in constant 
rect communication with Copenhaget 
means of a short-wave transmitter 


Eels are found in almost all the fresh 


aters of the temperate and tropieal 


mes, but they do not breed in fresh 
iter. Eggs and larvae have only been 
found in Sea waters, and the fact has 
ow been established that the voung eels 
ake their way up from the sea into the 
vers and lakes. IJlere they live unti 
they descend the stream into the ocean, 


vhere they spawn and die 


= = x x 


before t 
06 it Was 
breeding er 
Mediterraneat 
sive evidence Wa 
the eels of both 
ern Europe ea 
Later it was 
made their way 
Gibraltar and 
the Mediterranean 
observation 


became more } 


z se — 
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in size aS one moved eastward across the 
Atlantic. which was evidence that the 


breeding of the eels took place in the 


western part of the ocean 


Then the striking discovery was made 


that all the eels of Europe spawn only 


in a small, restricted area of the western 
Atlantic in the vicinity of the West 
Indies. The larvae migrate across the 
ocean and about three vears after hatch 
ing they make their way into the fresh 
Europe and Northern Africa 
The breeding ground of the American 


waters of 


eel was found to be in approximately the 
same location. These larvae take only 
one vear instead of three to reach the 


‘elver’’ stage and begin their ascent into 


the fresh water rive 
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